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Editorial 

I pick up the thread I started at the end of my editorial in the last issue of 

’Northern Territory Naturalist. That was the idea that conservation of the natural 

environments in northern Australia starts at a local scale and that this ought to be 

a matter of concern for everyone who appreciates, and spends time in, the ‘bush’. 

Today, the media has an appetite for ‘good news stones’ about flora and fauna, 

such as the discover)' of new species. One might conclude, perhaps cynically, 

that these ‘stories’ are intended more to raise the profile of the discovering 

organisations in the eyes of their funding agencies than to promote awareness of 

the new species and the environments in which they occur. In effect, these ‘stories’ 

deliver the message that all is well within the rest of the known natural world. 

The reality is that all is not well with the known natural world on many levels. 

At the local level ‘development’ is eliminating some long-known, familiar species from 

parts of their range and the unfortunate message for conservation is that these species 

can and will be quietly eliminated by our indifference to their absence. No media 

outlet would report that species were not discovered during biological surveys. 

The Australian subspecies {albescens) of Indian Lantern Flower {Abutilon indicum) is one 

such example of a plant threatened with local extinction. It is a woody shrub 

with large, soft, heart-shaped, grey-green leaves and show)', bright yellow flowers 

with a red ring deep inside (Figure 1). I liken the flowers to giant buttercups. There is 

no more glorious sight than a plant in full flower. Abutilon indicum grows at low 

elevations, mostly on coastal dunes and sea cliffs. Its growth is astonishingly rapid; 

by cultivating it, I have discovered it can grow from a seed to 1.5 m shrub in a single 

wet season. Flowering and seed-set is even more rapid — all over in a mere 

three weeks in the early dry season, although there may be more than one flowering 

cycle in a year. 

Abutilon indicum has many uses in traditional medicine and it contains chemicals 

that can kill larval mosquitoes. Northern Territory ethnobotanist Glenn Wightman 

informs me that Indigenous coastal people use the wood for firesticks, children make 

toy spears out of it (the fibrous, pliable wood will not cause too much damage) and its 

flowering coincides with the time for harvesting tern eggs (so it is a ‘calendar plant’). 

During my beach forays when I first came to Darwin 23 years ago, I was enchanted 

by the healthy colonies of Abutilon indicum at Bullocky Point, Dnpstone Cliffs, 

central Casuarina Beach and Lee Point. Today they all are gone except for a dozen 

remnant plants at Lee Point. One could say its ecology predisposes Abutilon indicum 

to local extinction like this. As mentioned in the article by Deborah Rich and 

colleagues in the last issue of Northern Territory Naturalist, it is a pioneer species adapted 

to exploiting light gaps at the edge of, or inside, coastal forests. Individual plants live 

for only one or two years. Thus both its habit and habitat render it prone to local 
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Figure 1. Six month old cultivated 

plant of Indian Lantern Flower 

(Abutilon indicum) in full flower. 

Tiwi, Darwin, April 2015. (Neil 

Wright) 

extinction. The causes of its 

extinction around Darwin are fires 

lit by humans and application of 

herbicides to ‘beautify’ coastal sites. 

Abutilon indicum may be an 

opportunist, but it cannot persist in 

the face of these annual man-made 

‘catastrophes’. 

Both activities — annual fires and 

regular application of herbicide — 

are very concerning in a coastal 

context. Concurrent with the loss 

of Abutilon indicum I have observed 

the change from woodland to 

grassland in the coastal flora 

fringing Darwin Harbour. The 

policy of keeping the foreshore vista open for unimpeded news of the sea involves 

applying herbicide during the wet season to kill fast-growing introduced ‘weeds’. 

I oppose this policy as it also kills native plants. The herbicides enter seasonal streams 

killing mangroves and the red algae that grow on their muddy ‘ankles’, and end up 

in the sea killing seagrasses and green algae. The irony of this policy is that 

the introduced ‘weeds’ targeted for removal (such as grasses and scrambling 

smothering legumes) have reservoirs for growth underground, so they quickly 

resprout. Therefore, in many places (such as the Casuanna Coastal Reserve), herbicide 

is applied more than once a year. 

The purpose of this editorial is to make Field Naturalists’ Club members aware that 

some of our prettiest ‘iconic’ plants have already vanished locally. Moreover, I would 

like members to note occurrences and abundances of Abutilon indicum during dieir 

excursions and tell me about them — even mention them during the ‘recent sightings’ 

segment at the start of the monthly Club meetings. I can collate these sightings into 

an article that can be published in Northern Territoty Naturalist where it can serve as 

an indicator of one of the ways our environment is changing. 

Richard C. Willan 

Chief Editor 
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‘Poor man’s tucker’ - historic and contemporary 
consumption of longbum shellfish around Darwin 

Patricia Bourke 

Abstract 

7 Stedcombe Street, Alawa, NT 0810, Australia. 

Email: bourkep@hotmail.com 

This paper describes archaeological and ethnographic observations of the remains — 

scatters of shells of mostly Telescopium telescopium plus several Terebralia species - of 

historic and contemporary consumption of longbum shellfish (Mollusca: Potamididae) 

by Aboriginal people around Darwin. 

Introduction 

In his 2013 paper on ways to distinguish between northern Australian species of 

Potamididae, Richard Willan noted that coastal Aboriginal people regularly ate 

the gastropod shellfish Telescopium telescopium, colloquially known, along with other 

Terebralia species of the family, as longbum. A less-used local Larrakia language name 

for them is Danijarra (Lorraine Williams, pers. comm.). Willan (2013) reported from 

an ethnographic study (Meehan 1982) that longbums are consumed after light 

roasting, steaming or boding, and sometimes are used as bait. However, they were 

never a dietary staple as were bivalves, possibly because of their low protein content 

or pepper)7 taste (for the several Terebralia species) that increases the desire for 

drinking. 

This paper describes archaeological and ethnographic observations of historic and 

contemporary consumption of longbums by Aboriginal people around Darwin. 

The remains of this consumption - scatters of shells of mostly Telescopium telescopium 

plus several Terebralia species — have been noted during fieldwork since the mid-1990s 

by the author along with members of the Larrakia community (Bourke 2002, 

2005a,b,c, 2012; Bourke & Williams 2005). That research, which was focussed on 

hundreds of large mounds of shells dotted around Darwin Harbour, showed that 

longbums have been part of the diet of Aboriginal people for thousands of years. The 

shells of Telescopium and Terebralia species of longbum are present in small proportions 

(0.1-5%) in those Aboriginal shell mounds, which are dominated by the open mudflat 

Roughback Cockle (Anadara granosa), and which radiocarbon dating shows were 

deposited in the period 2000-500 years ago (Bourke 2004, Brockwell et al. 2009). 
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Table 1. Recorded scatter sites dominated by longbums around Darwin Harbour 

(HI = Hope Inlet, GP = Glyde Point, EA = East Arm, WIN — Winnellie, 

P = Palmerston, MA = Middle Arm, V = Virginia). 

Site Area (m i) Description 

HI49 6x6 Mainly Terebralia sp., some Telescopium telescopium shells on 

saltflats around mangrove-lined creeks 

HI57 lxl Mainly Terebralia sp., some Telescopium telescopium shells & stone 

axe on cracking clay saltflats 

HI 128 50x20 Mainly Terebralia sp., some Telescopium telescopium, 

Anadara granosa, Ceritbidea sp., Cassidula angu/ata shells & stone 

artefact scatter on cracking clay saltflats 

HI129 18x11 Mainly Terebralia sp., some Telescopium telescopium, 

Gefoina coaxans, Chicoreus capucinus, Volema cochlidium, Cassidula 

angulata shells & stone artefact scatter on cracking clay saltflats 

HI137 40x20 Mainly Terebralia sp., some Telescopium telescopium, 

Anadara granosa, Volema cochlidium shells & stone artefact 

scatter on cracking clay saltflats 

HI138 20x20 Mainly Terebralia sp., some Telescopium telescopium, 

Anadara granosa, Volema cochlidium, Nerita sp., Ceritbidea sp., 

Ge/oina coaxans, EHobium aurisjudae shells on saltflats around 

mangrove-lined creeks 

HI139 30x10 Mainly Terebralia sp., some Telescopium telescopium, 

Anadara granosa, Ceritbidea sp., shells & stone artefact scatter 

on cracking clay saltflats 

HI150 lxl Telescopium telescopium shell scatter on creek bank 

GP8 3x3 Telescopium telescopium shell scatter on beach ridge adjacent to 

mangroves 

GP9 30x30 Telescopium telescopium shell scatter on creek bank 

GP10 17x20 Mainly Telescopium telescopium, some Volema cochlidium, 

Terebralia sp.. Syrinx aruanus shell scatter in woodland 

EA5 10x10 Mainly Telescopium telescopium, some Geloina coaxans, 

Terebralia sp., Chicoreus capucinus, Volema cochlidium, Nerita. sp. 

shell and World War II historic items on low ridge adjacent to 

mangroves 

WIN 10 6x6 Telescopium telescopium shell scatter overlying buried midden 

close to mangroves 

Continued next page. 
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Table 1. Continued. 

Site Area (m) Description 

P3 50x50 Stone artefact and Telescopium telescopium shell scatter 35x15 m 

along mangrove edge, 40 m inland two small (3 m and 5 m 

diam) scatters of Telescopium telescopium 

P5 lxl Mainly Nerita sp., some Terebralia sp. shell scatter on saltpan 

between islet and mainland 

P6 2(1x1) Two shell scatters 10 m apart on sandy strip between 

mangroves and high ground - one Geloina coaxans, 

one Telescopium telescopium 

P7 5x5 Scatter of mainly Telescopium telescopium, Geloina coaxans, 

Nerita sp., Terebralia sp., Chicoreus capucinus + old tennis ball + 

tin lid on raised area of land with shrubby bush overlooking 

mudflats 

P8 lxl Mainly Telescopium telescopium, Terebralia sp., Nerita sp., 

in shrubby woodland 200 m inland from mangroves 

Pll lxl Mainly Telescopium telescopium, some oyster shell scatter at 

mangrove edge 

P12 30 0 Small scatters of Telescopium telescopium and stone artefacts in 

30 m radius near quartz outcrop and swamp 

MA51 30x30 Mainly Telescopium telescopium, some Chicoreus capucinus shell and 

stone artefact scatter on lower slopes at mangrove edge near 

mouth of Elizabeth River 

MA52a 100x30 Mainly Telescopium telescopium shell and stone artefact scatter 

extending from Anadara vranosa mound in woodland 100 m 

to edge of saltpan strip and mangroves 

MA61 60x60 Mainly Telescopium telescopium shell and stone artefact scatter 

near creek 

MA62 30x30 Mainly Telescopium telescopium shell and stone artefact scatter 

near creek 

MA64 20x20 Mainly Telescopium telescopium shell and stone artefact scatter 

in woodland 

MA75 15x15 Mainly Telescopium telescopium shell and stone artefact scatter 

on laterite platform near mangroves 

V24 20x20 Mainly Telescopium telescopium shell and stone artefact scatter 

in woodland 100 m inland from mangroves 
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In contrast to the dominance of Anadara grartosa in thick, stratified shell middens, 

longbums often dominate in thin scatters of shells on the ground surface. Sites of 

this type recorded during archaeological surveys range from small 1 m wide scatters to 

50 m wide assemblages (Table 1). The larger scatters of shells that cover a wider area 

may indicate longer and/or repeated episodic use. The presence of stone artefacts 

in some sites indicates they were deposited prior to European contact. Other sites, 

associated with the presence of historic items, such as historic bottle glass, metal 

or ceramics, that show clear evidence of modification for use as Aboriginal 

implements, may represent the ‘contact period’ (Bourke 2005b). Very small shell 

scatters of 1 m in diameter along the shoreline, w'hich contain no stone artefacts, 

are considered likely to be single consumption episodes of more recent origin (within 

the last 50 years). 

Radiocarbon dating of shells from two Telescopittm-dominated surface scatters — 

one small 6 m wide scatter (Site WIN 10) and one much larger 100 m wide scatter 

(Site MA52b) - showed these longbums were consumed around 1900—1930 AD, 

in the early period of European settlement of Darwin (Bourke 2005b, Table 2). 

These two scatters are located on the outskirts of Darwin in Charles Darwin National 

Park and Middle Arm Peninsula, respectively. They occur in association with 

Anadara-dominated shell mounds containing a small proportion of longbum shells, 

w’hich radiocarbon dating thus far has shown were all formed within the pre-contact 

period (Bourke & Crassweller 2006). Radiocarbon estimates for Anadara shell 

mound NLA52a adjacent to the Telescopittm scatter MA52b are shown in Table 2. 

Table 2. Radiocarbon dates for sites MA52 and WIN 10, containing pre- and post¬ 

contact longbum remains. (Calibrated at Waikato Radiocarbon Dating laboratory). 

Site 
Material 

dated 
Code 

Radiocarbon 

age (years) 

Calibrated 

date (68% 

probability, 

rounded) 

MA52a Anadara 

shell mound 

Anadara 

granosa 
Wkl4391 1298±40 1120-1240 AD 

MA52b Telescopittm 

shell scatter 

Telescopittm 

telescopittm 
Wk14394 344 +34 1900-1930 AD 

WIN 10 Telescopittm 

shell scatter 

overlying buried 

Anadara mound 

Telescopittm 

telescopittm 
Wkl4392 197 +36 1900-1920 AD 
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Eating longbums around Darwin in the late 20th and early 21st centuries 

Longbums are called ‘poor man’s tucker’ in Territory coastal Aboriginal communities 

where there is a much greater variety of preferred ‘cockles’ (i.e. shellfish of the 

families Arcidae and Veneridae) and ‘mussels’ (i.e. Cyremdae) available than occur 

around Darwin today (Lorraine Williams, pers. comm.), where only very low densities 

of living Anadara ‘cockles’ have been found (Bourke & Willan 2009). In the present 

day extensive mangroves of Darwin Harbour, the gastropods T. te/escopium, Terebralia 

palustris, T. semistriata and Nerita balteata are the most common edible molluscs 

(Smith et al. 1997; Patricia Bourke & Richard Willan, pers. obs.) available to local 

Abonginal people. 

Ethnographic fieldwork of contemporary Larrakia resource use around Darwin by 

the author (Bourke 2002) and others (e.g. Hodgson 1997) descnbed how 

these longbums and ‘periwinkles’ (i.e. Nentidae) have historically been collected 

and consumed by small family groups. Shellfish were no longer collected around 

urban areas such as Casuarina and Rapid Creek in the 1990s as they were in the 1960s 

and 1970s, due to wornes about pollution. Instead, people sought these resources in 

areas further away from urban Darwin, around outer Palmerston and Middle Arm. 

In the late dry seasons of 1999, 2003 and 2005 during field tnps (Bourke 2002, 2005a) 

Larrakia women collected longbums on Middle Arm peninsula. In one field tnp 

a small mudflat area on the southern shoreline of the peninsula, wet by rams 

the previous evening and surrounded by mangroves Ceriops tagal and Avicennia marina, 

with Rbipopbora sty/osa seaward, was identified by the women as a place to collect bush 

tucker, in particular the longbum Te/escopium te/escopium. Three species of gastropod 

were collected: T. te/escopium, Terebralia spp. (either or both T. palustris and 

T. semistriata), plus Nerita balteata. Te/escopium te/escopium is favoured over the species of 

Terebralia, which have a peppery' aftertaste (Lorraine Williams, pers. comm.). 

While walking through the mangroves, large specimens of the numerous T. te/escopium 

were picked up easily from the mud around the mangrove roots and placed in 4 L 

plastic buckets and crates (Figures 1 and 2). Some of the T. te/escopium appeared to be 

mating, and it was discussed that this may not be the best time to collect them. 

Before collecting, mangrove wood was used to light a fire for a cup of tea and 

to make coals to cook the shellfish. The longbums were cooked in the coals, and the 

cooked longbums placed on a layer of paperbark, twigs and leaves to cool (Figure 3). 

Once cool, the ends of the shell were broken off and the flesh pulled out. Before 

eating them, the green upper section of T. te/escopium (i.e. digestive gland plus gonad) 

was removed as this was said to cause stomach ache, and it acts as a laxative if eaten in 

large quantities (Lorraine Williams, pers. comm.) (Figure 4). 
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Figure 1. Live longbums (Telescopium telescopium) on the mud around mangrove roots. 

(Lorraine Williams) 

Figure 2. Live collected longbums (Telescopium telescopium) in 4 L plastic buckets and 

crates. (Lorraine Williams) 

Figure 3. Longbums being cooked in coals, and cooked longbums on paperbark. 

(Lorraine Williams) 

Figure 4. Longbum flesh after removal from the shell, showing green membrane. 

(Lorraine Williams) 
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Figure 5. Historic scatter of shell remains from consumed longbums near mangroves 

outside Palmerston. (Lorraine Williams) 

The way in which the gastropod shells were broken on our field trip with the 

posterior end of the spire removed, was similar to that observed in customary 

methods of extracting flesh by Arnhem Land coastal people during Meehan’s (1982: 

86-89, 105-109) ethnographic work in the 1970s. Sometimes the shell stays whole 

if the meat is exposed after cooking and can be extracted with a sharp stick, or 

it explodes out of the shell at high pressure (Lorraine Williams, pers. comm.). 

The shell remains from these contemporary field trips are comparable to the whole 

and broken shells found in historic scatters (Figure 5) and pre-contact stratified shell 

mounds along the Darwin Harbour shoreline. They attest to the long history 

of consumption of longbums as a small but ever-present part of the diet of Aboriginal 

people of the Northern Territory coast. In more recent times longbums have become 

the dominant species collected since environmental change some 500 years ago 

saw the decline of the shell beds that produced the preferred Roughback Cockle 

(Anadaragranosa) (see Hiscock 1997; Brockwell et at. 2013). 
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A recently formed Crested Tern (Thalasseus bergii) 
colony on a sandbank in Fog Bay (Northern Territory), 

and associated predation 

Christine Giuliano12 and Michael L. Guinea1 

1 Research Institute for the Environment and Livelihoods, Charles Darwin University, 

Darwin, NT 0909, Australia. 

Email: c3guihano@gmail.com 

2 60 Station St, Sunbury, VIC 3429, Australia. 

Abstract 

A Crested Tern colony founded on a sandbank in northern Fog Bay 

(Northern Territory) failed in 1996 presumably due to inexperienced nesters. 

Attempts to breed in the years following were equally unsuccessful until 2012 when 

the colony was established. In 2014, the rookery comprised at least 1500 adults plus 

numerous chicks. With the success and growth of the colony, the predators, 

White-bellied Sea Eagles and Silver Gulls, were quick to capitalise on the new prey. 

Changes in the species diversity and numbers of the avifauna highlight the dynamic 

and fragile nature of life on the sandbanks of Fog Bay. 

Crested Terns (Thalasseus bergii) are the predominant colonial-nesting sea birds in 

the Northern Territory, with at least five islands supporting colonies of more than 

30 000 nesting birds each year (Chatto 2001). These colonies have appeared stable 

over time with smaller satellite colonies located in the vicinity of the major rookeries. 

Silver Gulls (Cbroimephalus novaehollandiae) and White-belhed Sea Eagles 

(Ha/iaee/us leucogaster) prey heavily on the adults and chicks (Chatto 2001). 

In December 1989, Guinea & Ryan (1990) documented the avifauna and turtle 

nesting activity' on Bare Sand Island (12°32'S, 130°25'E), a 20 ha sand dune island 

with low shrubs and a few trees. The island lies in the northern Fog Bay within 

a string of eight islands extending from the mainland (Figure 1). Guinea & Ryan 

(1990) reported an abundance of birds, including nesting Black-naped Terns 

(Sterna sumatrami) and Pacific Reef Herons (Egretta sacra), and non-nesting 

Crested Terns, White-bellied Sea Eagles, Silver Gulls and Lesser Frigatebirds 

(Fregata ariet). Seven years later, Whiting et al. (1997) documented the abundance and 

diversity of the avifauna with comments on the unsuccessful establishment of a 

Crested Tern rookery on a sandbank 1 km to the south of Bare Sand Island. This 

sandbank is located 150 km from the nearest large breeding colony on Melville Island 
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Figure 1. Map showing location of the sandbank with the Crested Tern colony, 

relative to Bare Sand and Djadjalbit islands. The insert shows the location of the site 

relative to Darwin 50 km to the west. (Inset courtesy of Google Earth) 

(Chatto 2001). The failure of the small colony of 200 nests from tidal inundation was 

attnbuted to the birds bemg young inexpenenced breeders (Whiting et al. 1997). 

Predation by a White-bellied Sea Eagle was also recorded at that time. The colony 

languished for some years with sporadic eggs being recorded by researchers visiting 

the sandbank during checks for nesting sea turtles (Michael Guinea pers. obs.) and 

being undetectable m the numerous sea birds surveys by Chatto (2001). In June and 

July 2012, the Crested Tern colony was again present but in larger numbers. In the 

same year. Silver Gulls nested on Bare Sand Island apparently for the first time since 

the annual dr)' season visits began in 1995. 

Counts of adult Crested Terns were made opportunistically on 7 and 11 July 2014 

to estimate the number of adults present within the colony. Counts of active nests 

were unachievable from the angle of our observation coupled with the density of 

the colony. Counts were made at a distance of an estimated 25 m of resting birds in 

non-overlapping sections of the colony (see Clarke et al. 2011 for method of 

observation). The black crest and beak were the distinguishable features used in 

counting adults on the ground. During the second visit, the colony was 

circumnavigated as we recorded GPS locations and took photographs. 



Crested Tern colony Northern Territory Naturalist (2015) 26 15 

The two counts yielded similar densities with approximately 1200 breeding adult terns 

(Figure 2) in the main colony, two satellite colonies of 70 and 150 adults, and 

one aggregation of approximately 200 adults accompanying a large creche of chicks all 

of similar age. The main colony, positioned on the highest point of the sandbar, 

contained mostly adults incubating eggs and also chicks of two age classes (i.e. 

palm-size, and those of adult height with some able to fly short distances). 

Two predation events on Crested Tem chicks were observed during the visit on 

7 July. An adult White-bellied Sea Eagle was perched on driftwood at the edge of 

the mam colony eating a Crested Tern chick. The head and some downy skin of 

the chick remained on examination of the site after the eagle’s departure. The eagle 

was assumed to be one of the breeding pair on nearby Djadjalbit Islet (Figure 1), 

with a young cluck in the nest at the time of the observation. 

At least eight Silver Gulls — adults and juveniles from the Bare Sand Island rookery — 

were observed on both counts patrolling the perimeter of the colony for unprotected 

chicks and eggs. During the first count, the gulls were observed to intercept an adult 

tern moving its chick between the main colony and the creche colony and killed 

the chick. The Bare Sand Island Silver Gull rookery contained chicks and eggs and at 

the time overlooked the sandbank from dunes on the nearest point on Bare Sand 

Island (Figure 1). 

Figure 2. The main Crested Tem colony on the sandbank in Fog Bay containing 

approx. 1200 adult birds, 11 July 2014. (Christine Giuliano) 
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No footprints of herons (Ardeidae) were observed on the sandbank during our 

survey. This conies as a surprise as Nankeen Night Herons (Nycticorax caledonicus) 

forage nightly in groups of up to 30 on Bare Sand Island for newly emerged Flatback 

Sea Turdes (Na/a/or depressus) (Giuliano et al. in press). These herons could also be 

expected to visit the tern colony where other predators of the turtle hatchlings have 

clearly identified a reliable food source in the form of tern chicks. 

Observations over at least two decades of the avifauna of Bare Sand Island and its 

surrounding sandbanks and islands accentuate the dynamics of the ecosystem. Having 

been absent during multiple previous surveys (Chatto 2001), the Crested Tern rookery 

on the sandbank to the south of Bare Sand Island appears to have reached maturity 

with more than one thousand birds breeding for the past three dry seasons. With its 

increase in size from its faltering trials in 1996 (Whiting et al. 1997) to the present, 

the predators have also increased in numbers and determination. Little Terns 

(Sterna alhifrons), once an obvious dry season nester on the northern beach of 

Bare Sand Island (Meredith & Lochman 2002), have decreased in number in the past 

three years, possibly in response to the establishment of the Silver Gull rookery. 

Continuing observations will lead to a better understanding of how the avifauna 

responds to changing climate and variations in sea level. 
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Abstract 

The first authenticated record of the Yellow-lipped Sea Krait (Laticauda colubrina) 

in the Northern Territory resulted from a request to remove a snake from the grounds 

of the Sky City Casino, on the eastern shores of Darwin Harbour, in October 2014. 

The colouration of the snake, a female, closely resembled museum specimens from 

Indonesia. Speculation on its presence in Darwin Harbour include being a ship’s 

stowaway, swimming from nearby Indonesian islands, or a member of an, as yet, 

unauthenticated Northern Territory population from the islands of Arnhem Land. 

The sea krait was released alive in the mangrove habitat at East Point Reserve. 

The sea kraits are a subfamily (Laticaudinae) of elapid snakes that inhabit the seas 

from the eastern coast of India to Samoa and Niue in the Pacific Ocean, extending 

north to Taiwan and the islands of southern Japan and south to New Caledonia 

(Cogger 2014). Records beyond this distribution are attributed to vagrants dislodged 

by storms or carried on prevailing currents (Gill & Whitaker 2014). Extra-limital 

records of IMticauda come from Queensland and New South Wales (Smith 1926; 

Cogger 1975, 2014), Tasmania (Lord 1919), New Zealand (McCann 1966; Gill 1997; 

Gill & Whitaker 2014), the waters of Russia (Chugunov 1980), and there are even 

unconfirmed reports from Nicaragua and Mexico (in Dunson 1975). Unlike other sea 

snakes (Hydrophiinae), sea kraits are amphibious and lay eggs on land (Smith 1926; 

Cogger 2014), and display high site fidelity (Guinea 1986; Shetty 2000). Two species 

are recorded from Australian waters - the Yellow-Upped Sea Krait (Laticauda co/ubrina) 

and the Black-Upped Sea Krait (Laticauda lalicaudata), although no breeding colonies 

have been verified. Recendy, Rasmussen et al. (2014: 356) supported the observations 

by Cogger & Heatwole (2006) by concluding “We have found no further specimens 

reported from AustraUa indicating that Laticauda is not breeding in AustraUan waters. 
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despite there being breeding populations from surrounding countries (Bonnet et at. 

2009; Brischoux & Bonnet 2009).” Substantial populations of lut/icauda guineai share 

the northern Australian continental shelf with Papua New Guinea (Cogger de 

Heatwole 2006). The absence of sea kraits from the Australian sea snake fauna has 

been attributed to a cold water barrier m the Timor Sea during the lower sea levels of 

the Pleistocene (Cogger 1995), or by competitive exclusion by the more numerous 

and speciose sea snakes of the genus Aipysurus (McCarthy 1986), or from a lack of 

survey effort on the vast northern coastline (Heatwole & Guinea 1993). Therefore, 

the discover)' of a specimen of Laficauda ashore in the Northern Territory 

is significant given our lack of understanding of factors limiting the distribution of 

species of this genus. The mangrove-lined shores of Darwin Harbour interspersed 

with rocky headlands and sandy beaches are similar to the habitats occupied by 

L. colubrina in Fiji (Guinea 1986) and in Bah, Indonesia (Mick Guinea, pers. obs.). 

On Saturday 18 October 2014, contract snake catcher PM answered a call to remove 

a snake from the Sky City' Casino (12°26.883’S, 130°49.804’E) at Mindil Beach on the 

eastern shore of Darwin Harbour (Anonymous 2014). The snake (Figure 1) was 

a female Yellow-Upped Sea Krait (Laticauda colubrina), 127 cm in total length with a tail 

length of 14 cm. It was taken to the Wildlife Operations Unit of Northern Territory 

Parks and Wildlife Commission at Berrimah, where it was formally identified and 

a tissue sample (consisting of some belly scales, which are presently deposited in the 

Flora and Fauna Division, Bernmah, under Reference Number CCM4057, and will 

ultimately be deposited in the South Australian Museum) was taken for future study 

(Terr)' Mahney, pers. comm.). The snake was released unharmed at East Point 

in Darwin Harbour two days later. The appearance of this individual in Darwin 

Harbour raises questions as to its origin and how it arrived on Mindil Beach. 

Populations of Laticauda colubrina are well established on the Indonesian islands north 

of Darwin. These include Ron, Timor (includmg Timor-Leste), Tanimbar, Aru and 

Papua (De Rooij 1917, Heatwole et al. 2005). Colouration, body pattern and genetics 

have separated L. colubrina from its regionally restricted congeners JL guineai from 

Papua New Guinea and L. saintgironsi from New Caledonia (Heatwole et al. 2005; 

Cogger & Heatwole 2006; Lane & Shine 2011). The Darwin Harbour specimen had 

39 narrow black bands along its body and tail that indicated a closer affinity to 

the Southeast Asian populanons than to populanons in the Pacific Ocean. The pattern 

and colouration of the Darwin Harbour specimen more closely resembled a specimen 

(WAM R.40116) from Aru, Indonesia, in the herpetological collection of the Western 

Australian Museum than a specimen (NTM R.2855 possibly L. guineai) with more 

bands from Port Moresby, Papua New Guinea, held in the Museum and Art Gallery 

of the Northern Territory reptile collection. 

The sea krait either arrived in Darwin Harbour by swimming from nearby islands in 

Indonesia or was transported as a stowaway aboard a vessel. Due to the arboreal and 
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Figure 1. The Yellow-Upped Sea Krait captured at Mindil Beach, Darwin Harbour. 

(Ray Chatto) 

amphibious habits of this species (Guinea 1986; Shine & Shetty 2001; Bonnet et al 

2005), entering a boat as stowaway is the more likely scenario. Alternatively, 

the specimen could belong to a local unauthenticated population from Brumby Island 

in Arnhem Land (Chatto & Baker 2008). 

A possible specimen of Laticauda sp. was also observed in a rock pool at East Point, 

Darwin Harbour, by D.L.C. in the 1980’s, but it was not coUected. Although the 

specimen reported here from Mindil Beach is the first authenticated record of 

L. colubrina in Darwin Harbour, its presence in Northern Territory waters poses some 

interesting questions. Could more individuals estabhsh a resident population? 

How might chmate change affect the distribution of sea snakes in the future by 

altering habitats, ocean currents and temperatures? More research into the factors 

limiting the distribution of this species is required to answer these questions. 
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Abstract 

Remoras (family Echeneidae) are teleost fishes adapted to hitchhiking behaviour on 

a variety of marine taxa. Three species have been documented in the waters of 

the Northern Territory, including the Sharksucker (Echeneis naucrates). Sharks are 

a preferred host for adult E. naucrates. An additional host species, the Northern River 

Shark (Glyphis garricki), is reported here. A small (178 mm total length) E. naucrates 

was found attached to a G. garricki in tidal reaches of the West Alligator River 

in Kakadu National Park in October 2014. This is the first report of an echeneid fish 

on a shark of the genus Glyphis (‘river sharks’). 

The remoras are a family of teleost fishes (family Echeneidae) adapted to hitchhiking 

behaviour on a range of marine taxa (O’Toole 2002). They possess a unique sucking 

disc on the dorsal surface of their head which allows them to attach to host species 

(O’Toole 2002). The echeneid-host relationship varies between species, including 

commensal, mutualistic and possibly parasitic associations (O’Toole 2002; 

Brunnschweiler 2006). There are eight species of the family globally with three 

recorded from Northern Tcrntory waters (Collette 1999; Larson et al. 2013): 

Sharksucker (Echeneis naucrates), Spearfish Remora (Remora brachyptera), and Remora 

(Remora remora). Hosts are diverse and include other teleost fishes, elasmobranchs 

(sharks and rays), marine turtles, marine mammals and even man-made objects such 

as ships (Cressey & Lachner 1970; Collette 1999; O’Toole 2002). 

Echeneis naucrates has a widespread distribution throughout tropical and temperate 

oceans (Collette 1999), including coastal and offshore waters of the Northern 

Territory (Larson et al. 2013). This species has been documented on a wide variety 

of hosts including teleost fish species (including attachment to conspecifics), sharks, 

marine turtles and marine mammals (Cressey & Lachner 1970; O’Toole 2002; 

Brunnschweiler & Sazima 2008). Documented shark hosts are mostly reef and coastal 

species, predominantly whaler sharks (family Carcharhinidae) (Cressey & Lachner 

1970; O’Toole 2002; Brunnschweiler & Sazima 2008). While Echeneis naucrates has 

been described as having a commensal relationship with its hosts (O’Toole 2002), 
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Brunnschweiler (2006) suggested that in fact the relationship should be described as 

a ‘subtle host-parasite interaction’, with the costs to the host suggested to outweigh 

the benefits (Brunnschweiler 2006; Brunnschweiler & Sazima 2008). 

The river sharks (family Carcharhinidae; genus Gfyphis) are euryhaline sharks found 

in the tropical Eastern Indian-Western Pacific region. All five described species are 

threatened with extinction with restricted ranges and small population sizes, and their 

ecology is generally poorly-known. The Northern River Shark (Gfyphis garricki) 

(Figure 1) is found in northern Australia with three known populations centres: 

(1) river drainages of the Van Diemen Gulf, Northern Territory; (2) King Sound, 

Western Australia; and (3) Joseph Bonaparte Gulf/Cambndge Gulf and associated 

rivers. Western Australia (Pillans et al 2010). Additionally, the species has been 

recorded from southern Papua New Guinea (Compagno et al. 2008), but there is little 

information on its distribution and occurrence there. 

Figure 1. Northern River Shark (Gfyphis garricki). South Alligator River, Northern 

Territory. (Peter M. Kyne) 

Here, the first documented occurrence of an echeneid species on a river shark 

(Gfyphis species) is reported, adding to the list of recorded host species, and also 

representing a rare record of Echeneis naucrates from a tidal river. 

During surveys for river sharks on the West Alligator River in Kakadu National Park, 

Northern Territory, an echeneid fish was found attached to a Gfyphisgarricki cauglit by 

hook and line on 14 October 2014. The specimen (Figure 2) was identified as 

Echeneis naucrates based on the elongate body, dark longitudinal lateral band bordered 

by white on each side of the body, and the large sucking disc with 22 laminae 

(Figure 3), which falls within the range for E. naucrates (21-28 laminae) (Collette 1999). 

The individual was 178 mm total length (TL) and 153 mm standard length. 

The specimen was deposited in the fish collection of the Museum and Art Gallery of 

the Northern Territory with registration number S.17843-001. 
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Figure 2. Sharksucker (Echeneis naucrates) collected from a Northern River Shark 

(Glyphis garrickt) host in the West Alligator River, Kakadu National Park, Northern 

Territory. (Michael Hammer) 

Figure 3. Detail of sucking disc on the head of a Sharksucker {Echeneis naucrates) 

collected from a Northern River Shark (Glyphis garrickt) host in the West Alligator 

River, Kakadu National Park, Northern Territory. (Peter M. Kyne) 

The host shark was an immature male Glyphis garricki with the following 

measurements: 840 mm TL, 725 mm fork length and 660 mm precaudal length. 

The shark was assessed as immature on account of its short and non-calcified claspers 

(17 mm clasper length outer, 43 mm clasper length inner). The shark was tagged and 

released at the site of capture as part of a broader study (see Kyne 2014). Host capture 

location was 12.38007°S, 132.25824°E and capture depth was 8.5 m. Capture location 

was approx. 26 km upstream of the mouth of the West Alligator River (Figure 4). 

Water quality parameters at the site of capture were: water temperature 29.8 °C; 

salinity 31.3 [salinity' was measured using electrical conductivity [practical salinity scale 

1978 - PSS-78)]; and turbidity 487 NTU. 
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Figure 4. Capture location (black star) of Northern River Shark (Glyphts garrtcki) host 
with Sharksucker {Echeneis naucrates) attached. Capture location was approx. 26 km 
upstream of the mouth of the West Alligator River, Kakadu National Park, Northern 
Territory. 

Echeneis naucrates has previously been documented in the literature from at least 
13 shark species, 11 being from the family Carcharhinidae, in particular sharks of the 
genus Carcharbinus (Cressev & Lachner 1970; O’Toole 2002; Brunnschweiler & Sazima 
2008). The documentation here of E. naucrates on a over shark (genus G/ypbis) 
is the first record on that genus and adds to the list of carcharhinid hosts. The rarity 
and remote occurrence of Gfyphis species may have limited previous opportunities to 
document echeneids on these sharks. Furthermore, the high turbidity of northern 
Australian estuaries and tidal rivers limits the ability to make underwater observations, 
such as those of previous host documentation (e.g. Brunnschweiler 2006; 
Brunnschweiler & Sazima 2008). 

Echeneis naucrates has three stages of development of a host relationship 
(O’Toole 2002): (1) a free-swimming stage (from hatching to approx. 30 mm length); 
(2) commencement of attachment to hosts, predominantly teleost fishes (juvenile 
E. naucrates from approx. 40-80 mm); and, (3) attachment to larger hosts, with sharks a 
preferred host (adult E. naucrates from approx. 200 mm) (O’Toole 2002). The 
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individual found on G. garricki (178 mm TL) was roughly a size corresponding 

to the final stage, when sharks arc a preferred host. 

During northern Australia’s dr)' season (roughly May-October), tidally-influenced 

rivers are dominated by tidal saline waters, and conversely are dominated 

by freshwater inputs (and thus low salinities) during the monsoonal wet season 

(roughly November-April). As a euryhaline species, G. garricki encounters a range of 

salinities in this habitat, but given the marine occurrence of E. naucrates, sharks are 

only likely to host E. naucrates in rivers when salinities are higher. 
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Abstract 

Currendy there are only two species of the highly enigmatic family of microscopic 

‘sea slugs’ Aitengidae (Mollusca: Gastropoda, Panpulmonata: Acochlidia) known 

worldwide: the mangrove-dwelling Aiteng ater Swennen & Buatip, 2009 from Thailand 

and Aiteng mysticus Neusser et at2011 from the upper intertidal of coastal caves 

in Japan. Here we report the discovery of another species of Aitengidae found in 

a mangrove forest in Darwin Harbour, Northern Territory, Australia. This is the first 

record of the Aitengidae, and the Acochlidia (caddis slugs) in general, for Australia 

so it represents a very significant finding. In Darwin Harbour the Aiteng specimens are 

diurnal and inhabit areas of the mangrove forest influenced by freshwater. Externally, 

these Australian specimens differ from the other described species by the presence 

of a pair of short, but clearly discernible, cephalic tentacles. 'Hie first molecular 

analyses on cytochrome oxidase (COI) sequences show considerable differences 

to other known Aitengidae. An integrative approach including molecular multimarker 

analyses and detailed microanatomical and histological investigations needs to be 

undertaken to reveal the relationships within the Aitengidae. 

The Aitengidae was only recently (2009) established as a monotypic family 

of sacoglossans (sap-sucking sea slugs), however this relationship was doubted 

and possible affinities with Acochlidia (caddis slugs) were considered (Swennen & 

Buatip 2009). Its type species, Aiteng ater Swennen & Buatip, 2009, is amphibious and 

lives lngh in the intertidal zone on the mud and in small pools in a dense mangrove 

forest in the Gulf of Thailand. This mysterious ‘bug-eating slug’ was selected into the 

Top 10 list of bizarre new animal species 2010 by the International Institute 

of Species Exploration (USE 2010). 

When they were first discovered in Thailand, aitengids were thought to be juvenile 

mangrove slugs (Onchidudae) until the absence of stalked eyes was noted and further 
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studies showed they had no relationships with onchidiids at all (Swennen & Buatip 

2009). The initial specimens were considered so extraordinary' that a new family, 

Aitengidae, was created for them. The name for the genus itself, Aiteng, was chosen 

from Ai Theng, which is the name of one of the popular puppets in shadow plays 

(wayang) in the southern part of Thailand. Ai Theng is a jolly, smooth, black male 

who plays in the night. Extraordinarily for a sea slug, these original specimens 

of Aiteng ater were found to be able to open the pupal cases of beetles and moths 

living in the mud with them and eat the contents, as well as consume ant larvae and 

whole adult mosqiutoes (Swennen & Buatip 2009). 

An integrative approach combining detailed microanatomical 3D-reconstruction 

based on histological sections and molecular analyses conducted soon after the 

discovery' revealed the true relationship of Aiteng ater (Neusser et aL 2011). 

The Aitengidae clusters robusdy among hedylopsacean acochlidians and the family 

was firmly assigned to the Acochlidia (Mollusca: Gastropoda: Panpulmonata) 

(Neusser et al. 2011). At the same time a second, new aitengid species was described. 

Aiteng mysticus Neusser et al., 2011 from Japan occurs on algae in the upper intertidal 

zone on rocky shores in tiny crevices of small coastal caves. It was also found in 

a brackish area neighbouring a mangrove forest on the underside of large, wet rocks 

which are deeply embedded in mud. 

Here we present the first record of aitengid specimens from Australia found live 

during an environmental baseline survey of a mangrove forest fringing 

Bennetts Creek, a small tnbutary of the Elizabeth River, located in the East Arm 

of Darwin Harbour. On 21 March 2012, three animals were discovered in three 

different floristic assemblages within a localised area of mangrove forest influenced 

by seasonal freshwater inflow during the wet season (Table 1). The specimens were 

found in the upper intertidal in the mixed species hinterland margin community', 

in the tidal flat forests dominated by Ceriops australis and in the lower tidal creek 

community' (Figure 1). The latter was dominated by the Stilt-root Mangrove 

(Rhi^ophora sty/osa) and the Kapok Mangrove (Camptostemon scbultgti) and no rocks 

were present in the substrate. Three additional animals were collected at this same 

locality on 5 March 2013 (Table 1). 

The habitat throughout this mangrove forest has significant freshwater inflow derived 

from the paperbark (Melaleuca viridiflora) forest to landward. Indeed, there was 

a permanent spring-fed fresh/brackish pool at the landward edge of the mangrove 

forest which supplied the collecting site with freshwater sheet-flow during the 

wet season. The salinity of the habitat was not measured, but based on 

the combination of seasonal freshwater sheet-flow and tidal activity observed at 

the site, salinity probably ranged from near fresh during the wet season to a maximum 

of 36 ppt during the late dry season. Salinities in the Elizabeth River system are 

seasonally diluted, varying between 20—30 ppt during the wet season (Wrigley et al 
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Figures 1-4. Habitat and living specimens of Australian Aiteng sp.: 1. Bennetts Creek 

in Darwin I larbour — mangrove site showing the RJjt^ophoru sty/osa dominated forest 

where the slugs were most commonly found. 2. Individual crawling on the underside 

of a rotting log on the forest floor. 3. Specimen found on the forest floor, crawling on 

top of an algal turf mat. 4. Live animal approx. 4 mm (two photos of same animal) 

showing the distinctive black-glossy notum, conspicuous eye spots and short cephalic 

tentacles. (Adam Bourke) 

1990) and falling as low as 2-18 ppt during peak wet season flows (Drewry el al. 

2010). 

The specimens found in 2012 were collected by Kristin Metcalfe and 

Adam Bourke, while the specimens found in 2013 were collected by Adam Bourke. 

All the specimens were found after spring tidal cycles dunng the monsoon season. 

No specimens were found during a collection attempt in the wet season of March 

2014 dunng neap tides, or dunng a single dry season survey undertaken previously 

in September 2011. All the specimens were found within 6-75 m from the tidal creek 

at low tide during the day. 
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Table 1. Details of collecting site and specimens of Aiteng sp. in Australia. 

Station 

number 
Location 

Number of 

specimens 

Fixative 

(ethanol) 
Collection date 

BC-2 12.58779°S 

131.02186°E 

i 70% 21 March 2012 

BC-2 (as above) 3 100% 5 March 2013 

BC-4 12.58764°S 

131.02161°E 
1 70% 21 March 2012 

BC-6 12.58753°S 

131.02132°E 
1 70% 21 March 2012 

Animals were found actively crawling around on the forest floor or hiding within 

rotting logs. One specimen collected in 2012 measuring 2 mm preserved length 

was preserved in 70% ethanol and stored in the mollusc collection of the Museum 

and Art Gallery of the Northern Territory (NTM P.48762). Both remaining specimens 

collected in 2012 (3.7 and 2.9 mm preserved length) were preserved in 70% ethanol 

for histological and anatomical investigations. The specimens discovered in 2013 from 

the same habitat were collected from the undersurface of a fallen dead mangrove log 

of the Grey Mangrove (Avicennia marind) (Figure 2) and from the forest floor 

m the RJii^ophora sty/osa dominated tidal creek assemblage (Figure 3). One individual 

measuring 7.3 mm extended crawling length was preserved in 100% ethanol for 

molecular analyses (Table 1). 

In life, the specimens are greater than 7 mm when extended and crawling actively. 

The dorsal no rum is glossy black. Neither the head nor the area around the eyes 

is pigmented. The foot is cream (Figures 2, 4). The Darwin Harbour specimens have 

one pair of large broad lappets ventrally above the foot, and in contrast with A. ater, 

have one pair of very short cephalic tentacles (Figure 2-4). The head can be retracted 

under the frontal notal border in both species. 

One of the Darwin Harbour specimens was observed in the field crawling on top of 

a mat of algal turf. It was possibly feeding on the algae, or on prey present within 

the algae. When the specimens were subjected to seawater in the laboratory, 

they retracted their head, suggesting they are intolerant of high salinities. In contrast, 

animals kept in freshwater displayed normal locomotion and were moving freely 

around within pern dishes. This is in contrast to observations overseas that individuals 

usually avoid any direct contact with water (independent of salinity) and prefer 

a humid environment instead (Timea Neusser, pers. obs.). 
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In summary, the present specimens resemble other aitengid species in external 

morphology and habitat. However, dissimilarities regarding the shape and behaviour 

are evident, and this has been confirmed by molecular analyses on cytochrome 

oxidase (COI) sequences (Timea Neusser, unpubl. data). A future integrative 

approach combining a detailed microanatomical study with molecular multimarker 

analyses will shed light on the relationship of the Australian species with the described 

aitengid species. 

Acknowledgements 

We are grateful to Winston Ponder (Australian Museum, Sydney) for suggesting 

the Australian specimens might be aitengids in the first place. Timea Neusser 

is grateful to Isabella Stoger and Bastian Brenzinger (both Zoologische 

Staatssammlung, Munich) and Katharina Jorger (Ludwig-Maximilian-Universitat, 

Munich) for their patient assistance in the molecular laboratory. The authors thank 

Nerida Wilson (Western Australian Museum, Perth) for helpful comments on 

an earlier draft of this paper. 

References 

Drewry J. et al (2010) Darwin Harbour Region Report Cards 2010. Department of Natural 

Resources, Environment, The Arts and Sport. Report No 25/2010D. Palmerston, 

Northern Territory, Australia. 

IISE [SUNY-ESE International Institute for Species Exploration) (2010) Top ten new species for 

2010. <http://www.esf.edu/topl0/2010> State University of New York College of 

Environmental Science and Forestry, SUNY-ESE, 1 Forestry Drive, Syracuse, New York, 

USA (accessed 31 July 2014). 

Neusser T.P. et al. (2011) Sacoglossa or Acochlidia? 3D reconstruction, molecular phylogeny 

and evolution of Aitengidae (Gastropoda: I leterobranchia). Journal of Mol/uscan Studies 77, 

332-350. 

Swennen C.K. and Buatip S. (2009) Aiteng ater, new genus, new species, an amphibious and 

insectivorous sea slug that is difficult to classify (Mollusca: Gastropoda: Opisthobranchia: 

Sacoglossa (?): Aitengidae, new family). The Raffles bulletin of Zoology 57, 495—500. 

Wriglcy T.J., Cumberland D.A. and Townsend S.A. (1990) Ambient water quality of Darwin 

Harbour. Power and Water Authority, Northern Territory. Report 71/90/. 



Northern Territory Naturalist (2015) 26: 32-43 Research Article 

Aspects of breeding ecology of the Brown Goshawk 
(Accipiter fasciatus) in an urban environment in 

northern Australia 

William E. Riddell 

20/17 Geranium Street, The Gardens, NT 0820, Australia. 

Email: billiaml09@hotmail.com 

Abstract 

The breeding parameters of the Brown Goshawk (Accipiter fasciatus) have yet to be 

documented in an urban environment in Australia. Twenty-six active nests were 

located in urban Darwin during the 2013—2014 breeding season. Incubation occurred 

from August to November over a 12 week laying period. Twenty-two nests were 

in introduced African Mahogany trees (Khttya senegalensis) and four were in 

River Red Gums (Eucalyptus camatdulensis). One or more young matured to fledgling 

stage or later at 17 of the 26 nests, with an average fledging rate of 1.13 young per 

nest. Assuming that aU active nests were detected, the breeding density of Brown 

Goshawks across the study area is 52 nests per 100 km2, which is higher than that 

recorded in previous studies on the species. 

Introduction 

The Brown Goshawk (Accipiter fasciatus) occurs throughout mainland Australia and 

on the surrounding islands, including Wallacea, New Guinea, New Caledonia and 

the Solomon Islands (Debus 2012). The species occurs in wooded and forested lands 

of tropical and temperate Australia. Abundance is highest m woodland or open forest 

but a variety of habitats are used, with individuals occurring wherever trees 

or tall shrubs provide cover for ambushing prey (Marchant & Higgins 1993). 

Incubation lasts 29-31 days with fledging occurring at 28—37 days (Olsen et al 1982). 

The breeding parameters of the Brown Goshawk have previously been described in 

southern Victoria (Aumann 1989) and north-eastern Queensland (Burton et aL 1994). 

These studies were undertaken in areas partially disturbed by agriculture 

(Aumann 1989) and forestry (Burton et al. 1994). There have been no previous 

quantitative studies on the breeding parameters of this bird in an urban environment. 

Ecological aspects of urban-breeding Accipiter hawks have previously been described 

for Northern Goshawk (Accipiter gentilis) and Eurasian Sparrowhawk (A. nisus) 

in Europe (Papp 2011; Rutz 2006), and Cooper’s Hawk (A. cooperi) in North America 

(Haimann 2006; Ward & Mannan 2006). This paper details aspects of the breeding 

ecology of Brown Goshawk in an urban environment in northern Australia 
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and includes observations on breeding density, reproductive success, nesting habitat 

and prey. 

Study area 

Field work was conducted from August 2013 to February 2014 in a 49.77 km2 

(4977 ha) area within the city of Darwin (city centre co-ordinates 12.461°S, 

130.841°E). The study area consisted of most residential suburbs within the city of 

Darwin, extending from The Gardens and Smart Park in the south to the northern 

suburbs of Tiwi and Wanguri, bordered by Karama to the northwest. Large reserves 

fringing the urban environment, such as East Point and Holmes Jungle, were not 

surveyed. Industrial suburbs with very little tree cover, such as Winnellie 

and Berrimah, were excluded, as was the rural suburb of Knuckey Lagoon. Areas with 

restricted access, such as large private properties and Defence land, were also 

excluded. 

Darwin experiences a tropical savanna climate with distinct wet and dry seasons. 

The wet season, between October and April, brings significant monsoonal rains 

and occasionally cyclones. In contrast, negligible rainfall occurs during the dry' season 

(May to September). 

The urban Darwin environment is characterised by houses with well-watered 

landscaped gardens interspersed with numerous council parks, schools and sports 

ovals fringed by large trees. These large trees include the exotic African Mahogany 

(K/jctyct senegalensis), planted throughout the city following Cyclone Tracy in 1974, 

and several planted species of eucalypts not necessarily native to the area. 

Methodology 

Nests of Brown Goshawk were located by undertaking systematic ground surveys 

throughout the study area. All council parks and school ovals fringed by large trees, 

particularly African Mahogany, were surveyed. The parks were located with the aid of 

a street directory' while Google Earth helped locate additional clusters of large trees. 

The author used knowledge accumulated in previous years, including five nesting 

locations as well as areas where Brown Goshawks had been observed roosting 

and undertaking territorial displays. A request for Brown Goshawk information 

was posted on a local birding internet forum, and further information provided 

by local naturalists also aided the detection of nests. 

Active Brown Goshawk nests were monitored every' 2-4 weeks. The timing and 

duration of the breeding cycle was determined from observations and photographs 

made near the nest. Photography of adult Brown Goshawks helped to determine sex 

and identify individuals through variations in size and plumage (Figure 1). 

Photographs of juvenile birds helped to estimate their age and to establish timing 

of breeding events. Previous analysis of Brown Goshawk nestling development 

by Olsen et al (1982) was referred to in order to estimate the age of nestlings. 
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Locations of active nests were recorded on a Global Positioning System (GPS) device. 

Active nests were mapped to assess their distribution and breeding density. Breeding 

success was expressed as the number of young fledged per active nest for those nests 

where the breeding outcome was known. For nests where the number of fledged 

young was uncertain, success was defined to be at least one youngster fledged. 

The distances between nests were calculated by mapping active nests within 

the project area onto Google Earth and using the ruler function to measure 

the distance to the nearest known nest. 

Prey items were recorded by observing adults clutching or eating prey, or from 

prey transfers from adults to juveniles (Figure 2), or juveniles eating prey (Figure 3), 

or prey remains observed close to the nesting tree. 

Figure 1. Variation in size and plumage between adult Brown Goshawk female (left) 

and male (right). (Will Riddell) A 

Figure 2. Brown Goshawk juvenile (left) and adult (right) feeding on a Northern 

Water Dragon. (Will Riddell) ► 

Figure 3. Juvenile Brown Goshawk feeding on a nestling of Torresian Imperial 

Pigeon. (Will Riddell) ► 
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Results 

Sample size 

Twenty-six active Brown Goshawk nests in 23 territories were recorded during 

the 2013—14 breeding season in Darwin. There were three instances of breeding 

attempts in two separate nests within the same territory. Three additional 

non-breeding territories were identified, making a total of 26 Brown Goshawk 

territories identified across Darwin. The majority of Brown Goshawk nests are 

thought to have been located within the study area, as tall trees potentially used for 

nesting were sparsely distributed and could be easily identified and surveyed. A small 

number of nests were probably overlooked. 

Timing of breeding 

The majonty of incubation periods began in September (eight nests) and October 

(eight nests), though incubation commenced as early as late August and as late as 

mid-November. The first recorded incubation started on 27 August 2013 while 

the latest confirmed start to incubation occurred on 16 November, representing 

a laying period of approximately 12 weeks (82 days). From the 20 nests for which 

timing of hatching could be estimated nestlings hatched in November at nine nests, 

six in October, three in December and two in September. 

Nest trees 

Twenty-two of the 26 active nests were located in African Mahogany trees, with four 

nests occurring in River Red Gums. 

Breeding success 

One or more young fledged successfully from 17 of the 26 active nests, giving 

a success rate of 65%. The outcome was known for 23 nests (Table 1). 

The productivity of three nests was unknown but at least one young was known 

to have fledged from these nests. 

Breeding density 

An accurate estimation of breeding density of Brown Goshawks in the urban Darwin 

area is not possible as some active nests were probably overlooked. Assuming that all 

active nests were detected, the density of active Brown Goshawk nests across the 

study area would be 52 nests per 100 km2. 

Mean nearest neighbour distances for active Brown Goshawk nests in Darwin were 

746 + 324 m, with a minimum of 234 m and maximum of 1420 m. 

Two nesting attempts by the same pair occurred within three territories, but double 

brooding (two successful breeding attempts in a season) (Riddell 2011b) occurred 
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within only one territory. The distance between nests in this territory was 317 m. 

These nests were considered to belong to the same territory, and likely to the same 

pair, due to the timing of breeding attempts, with incubation occurring at the second 

nest within three days of the juvenile fledging from the first nest. Additionally, 

an adult male was observed undertaking a prey transfer to the juvenile of the first nest 

before flying towrard the second nest, where it roosted. 

Prey 

A total of 38 prey items was recorded at 14 different territories, consisting of 20 birds, 

14 reptiles and four mammals. The most commonly recorded prey item was 

the Northern Water Dragon (Lophognathus temporalis), which was recorded on eight 

occasions. Other prey items identified to species level included Torresian Imperial 

Pigeon (Ducula spilorrhoa) (n=2). Bar-shouldered Dove (Geopelia humeralis), Magpie-lark 

(GraHina cyanoleuca), Red-collared Lorikeet (Trichoglossus rubritorejuis) (n=2). Black Rat 

(Rattus rattus) (n=2) and House Mouse (Mas musculus) (n=2). The remains of a juvenile 

friarbird (Philemon sp.) were also observed below a nest. 

Table 1. Breeding success of Brown Goshawk in Darwin 2013—14 based on 

observations of 26 nests. 

Result of breeding attempt Number of records 

Failed nests 9 

One juvenile fledged 5 

Two juveniles fledged 6 

Three young fledged 3 

Success but productivity unknown 3 

Fledged juvenile / successful nest1 1.86 

Fledged juvenile /active nest 1.13 

1 Excludes nests where productivity unknown 
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Discussion 

Timing of breeding 

The breeding period for the Brown Goshawk in Darwin occurs from August to 

January, extending from the late dry season through to the start of the monsoonal 

wet season. During this study incubation began between August and October for 

the majority- (21 of 26) of nests, with juveniles fledging from October to December. 

This part of the early wet season is referred to as the ‘build up’ in tropical northern 

Australia, a period when temperature and humidity are high and rainfall infrequent. 

Following three to four months of very little rainfall, the first rains of the ‘build up’ 

initiate a chain of natural events that lead to an increase in numbers of 

Brown Goshawk prey species. The first seasonal flush of vegetation leads to increased 

activity' and abundance of insects, which in turn stimulate increases in activity- and 

breeding by lizards and passerine birds (Immelmann 1982 cited in Burton et al 1994). 

Conditions during the ‘build up’ may be ideal for breeding as rainfall dunng this 

period is usually sufficient to trigger increased prey availability, yet not frequent 

enough to pose a hazard to nesting birds or to inhibit hunting activity. 

Incubation began in November at five nests with young fledging in January. January is 

historically the wettest month in Darwin (BoM 2014), coinciding with frequent heavy 

monsoonal ram. Undertaking breeding at this time is risky as heavy rains can 

negatively impact breeding success (Olsen 1995). Three of the five nests where 

incubation began in November represented the second breeding attempt undertaken 

within a single territory, probably by the same pair of adults. Two of these breeding 

attempts occurred after the first attempt was unsuccessful, and both these attempts 

were also unsuccessful the second time. Accipiter hawks are able to raise young from a 

replacement dutch if their first fails at an early stage, due to their relatively short 

breeding cycle (Newton 1979). Grey Goshawks (,Accipiter novaebollandiae) have been 

observed successfully breeding from a replacement dutch in Darwin (Riddell 2011a). 

The 12 week laying penod is greater than the eight to ten week period previously 

recorded by Aumann (1989) in Victoria and the four week period recorded by Burton 

et al (1994) in northern Queensland. Aumann (1989) has suggested that longer laying 

periods occur when seasonal changes in photopenod, weather, and/or prey 

availability are less pronounced. Darwin is closer to the equator than most of 

the Australian mainland and seasonal variations in photoperiod are relatively low. 

Seasonal fluctuations in temperature are also relatively small in northern Australia, 

but rainfall is highly seasonal and it probably influences the length of the egg-laying 

period. The heavy monsoonal rains of January and February may determine the latest 

laying dates due to the increased risk to incubation during tlus period. While some 

pairs successfully fledge young in January there is risk associated with raising young 

during periods of frequent heavy rainfall, such as potential flooding of the nest 

(Burton et al. 1994; Olsen 1995). 
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Nest trees 

Twenty-two of the 26 active nests were found in African Mahogany trees. The large 

size, shade and multiple branching of the African Mahogany are ideal for raptor 

breeding, with this species also being used for nesting by Brahminy Kites 

(Haliastur indus) and Grey Goshawks in suburban Darwin (Riddell 2013a). African 

Mahogany trees are common throughout the urban Darwin area and are often 

the tallest trees within an occupied territory, making them an ideal choice of nest tree 

for Brown Goshawk. 

River Red Gum trees were used for nesting on four occasions. One attempt at nesting 

in a River Red Gum failed as the nesting branch fell from the tree. The author 

discovered this branch lying on a walking path, but with the nest in perfect condition 

and a chick covered in white down sitting in the nest. Both parents were calling in the 

nest tree. The chick was taken to a wildlife carer. 

Breeding success 

The breeding success rate of 65% (i.e. 17 out of 26 successful nests) is lower than the 

83% recorded in Macclesfield, Victoria (Aumann 1989) and is similar to the 63% 

success rate recorded at Abergowrie, Queensland (Burton et al. 1994). The number of 

fledged young per successful nest (1.86) was similar to the result recorded across three 

breeding seasons in Abergowrie (1.6) (Burton et al. 1994). 

The similarity of results to those recorded by Burton et al. (1994) in Queensland may 

reflect the similarity of climate in the respective study areas; both experience a tropical 

climate with distinct wet and dry seasons. 

A wide range of variables may influence breeding success of raptor populations 

in both the short and the long term (Paviour 2013). Determining specific causes of 

nest failure is therefore difficult. The cause of breeding failure was positively identified 

for only one out of nine failed attempts; a fallen eucalypt branch containing an intact 

nest and a chick less than five days old was discovered beneath the nest tree 

(see above). Four nests were observed to have chicks that failed to fledge, while 

no chicks were observed at four nests that had been incubated. 

Failures of goshawk nesting attempts have been attributed to frequent heavy' rainfall 

(Kostrzewa & Kostrzcwa 1990; Pentenani 1997). Burton et al (1994) attributed 

Brown Goshawk and Grey Goshawk nest failures in Abergowrie to high precipitation 

caused by tropical storms. Rainfall reduces hunting efficiency by impairing flight and 

changing prey behaviour, thus restricting the supply of food from adults to their 

young (Newton 1979). Rain can also cause nests to become flooded, killing eggs and 

young nestlings (Olsen 1995). Some nest failures in this study were likely related to 

frequent heavy' rainfall events. Darwin experienced above average rainfall during the 

October to February' 2013—14 wet season, including a 24-hour record of 104 mm 

falling at the Botanical Gardens on 4 November 2013 (BoM 2014). 
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Predation by other raptor species is a possible cause of nest failure. Brahminy Kites 

have been observed unsuccessfully attempting to prey upon Brown Goshawk 

nestlings in the urban Darwin area (Riddell 2013a). A Grey Goshawk was observed 

swooping on Brown Goshawk chicks at one nest, with the attack successfully repelled 

by the adult female, while Grey Goshawks were detected in the immediate vicinity' of 

two other active nests. 

Breeding density 

The figure of 52 nests per 100 km2 recorded in this study is higher than 20.3—31.3 

active nests per 100 km2 recorded at Macclesfield (Aumann 1989) and 2.2 pairs per 

100 km2 recorded near Mildura (Baker-Gabb 1983). 

The mean inter-nest distance of 746 m is lower than the 1332 m recorded at 

Abergowie, Queensland (Burton et al 1994). The minimum inter-nest distance of 

234 m is significandy lower than the 1600 m minimum and 870 m minimum distances 

recorded at Macclesfield, Victoria (Aumann 1989) and in Abergowie, Queensland 

(Burton et al 1994), respectively. Brown Goshawk nests have previously been found 

as close as 250 m in the Seaview Range, Queensland (Burton et al 1994). 

Double-brooding by a single pair has previously been recorded in urban Darwin 

(Riddell 2011b) and a second instance, with an inter-nest distance of 317 m, 

was recorded during this study. 

Discovery' of two active nests 234 m apart was initially believed to be a further 

instance of double-brooding by a single pair, based on the timing of breeding events, 

with incubation in the second nest beginning immediately after two juveniles 

had fledged from the nearby nest. Both nests were located within a continuous stand 

of African Mahogany trees. Double-brooding by a smgle pair was disproved following 

a prey exchange observed between adults close to the incubating nest at the same time 

as a lighter-plumaged female was observed close to the nest with two fledglings. 

A single male may have been breeding with two females within the territory; 

photographs of an adult male at both nests reveal similar-looking plumage. 

Prey 

The proportions of birds (53%), reptiles (37%) and mammals (10%) recorded as prey 

items support previous descriptions of the Brown Goshawk as a generalist predator 

(Aumann 1988; Baker-Gabb 1983). Northern Water Dragons (Lopbognatbus temporalis) 

were recorded on eight occasions, and was the most commonly observed prey. These 

lizards are reported to be of greater size and abundance in the Darwin area than their 

bush counterparts due to the greater year-round water availability in the urban 

environment (Iglesias et al 2012). The success of Northern Water Dragon in urban 

Darwin probably supplies Brown Goshawks with a reliable prey source throughout 

the year. 
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Of the 20 birds recorded as prey, six were nestling birds, suggesting a tendency of 

goshawks to exploit the increased abundance of passerine birds during their breeding 

seasons. 

Urban effects 

The Brown Goshawk can be considered a habitat generalist as it is able to occupy 

a variety of habitats, wherever trees or tall shrubs provide cover for ambushing prey 

(Marchant & Higgins 1993). Urbanisation of an environment tends to favour 

increased densities of generalist species (Devictor et al. 2008; Isaac et al. 2013) as they 

are able to exploit the heterogeneity created. Generalists that use a greater variety of 

habitats are also less affected by habitat fragmentation than specialist species. 

Generalists benefit from landscape degradation as this reduces competition with 

specialist species (Marvier et aL 2004). Brown Goshawk abundance may have 

increased following urbanisation of the Darwin area due, in part, to decreasing 

competition with the ecologically complementary but more specialised 

Grey Goshawk, which tends to inhabit more closed habitat and is less inclined to use 

ecotones than Brown Goshawk (Burton & Olsen 2000). Grey Goshawks nest 

in urban areas and the urban fringe around Darwin at lower densities than 

Brown Goshawks (Riddell 2013b). 

The breeding density recorded in this study is higher than that recorded in previous 

quantitative studies on Brown Goshawks (Aumann 1989; Burton et a!. 1994). Those 

studies were conducted in landscapes partially disturbed by agriculture and forestry 

and in habitats that were likely less heterogeneous than those provided by an urban 

environment. It is possible that urbanisation of the Darwin area may have created 

ecological conditions that facilitate the increased breeding density of the Brown 

Goshawk. Urban areas provide many different natural and artificial niches that 

can benefit certain species (Jones 2013). Burrowing Owls (Athene cunicularid) and 

Eastern Screech Owls (Megascops asio) have attained greater breeding success, in terms 

of chick survival and fledgling output, in urban areas than their counterparts in natural 

areas, due to enhanced prey availability and climatic stability (Botelho & Arrowood 

1996; Gehlbach 1996). The most important ecological factor benefiting an apex 

predator such as Brown Goshawk may be increased prey abundance. The constant 

water supply of irrigated parks and gardens and protection from bushfires afforded by 

the urban environment probably facilitate increased densities of the lizards and 

passerine birds comprising Brown Goshawk prey. However, it is impossible to state 

definitively that urbanisation has led to an increase in Brown Goshawk density 

because pre-urbanisation data are lacking. 
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Abstract 

This is the first report of helminths (i.e. gastrointestinal parasitic ‘worms’) infecting 

the invasive Asian House Gecko (Hemidactylus frenatus) in Australia. Baseline infection 

data are presented, but the need for more research, especially on sympatric native 

gekkomd species, to determine whether any of the helminths are capable of being 

transferred to native lizards, is highlighted. Geckos were collected from areas of 

mainland Northern Territory and associated offshore islands, as well as Chnstmas and 

Cocos Islands. A total of six helminth species were found: Paradistomum sp. 

(Platyhelminfhes: Digenea: Dicrocoeliidae); Qocboristica sp. (Platyhelmmthes: Cestoda: 

Listowudae); Spauligodon hemidactylus (Nematoda: Pharyngodorudae); Maxvacbonia sp. 

(Nematoda: Cosmocercidae); a larval nematode; and an adult acanthocephalan. 

Spauligodon hemidactylus, which is reported here from Australia for the first time, was 

the most commonly detected species, being found in 24% of geckos. A table listing 

the helminth records for Hemidactylus frenatus in the Australasian, Asian and Pacific 

regions is provided. 

Introduction 

The Asian House Gecko (Hemidactylus frenatus) (Figure 1), is widespread in tropical 

and subtropical regions of the world. Within Australia, it has been introduced and 

presently occurs throughout the Northern Territory, as well as locations along 

the eastern coast of Queensland and the northern coast of New South Wales 

(McKay el al. 2009). 

Many studies have documented helminths (i.e. intestinal parasitic ‘worms’) 

in Hemidactylus frenatus from locations outside Australia, including Southeast Asia 

(Saehoong & Wongsawad 1997; Matsuo & Oku 2002; Goldberg, Bursey & Telford 

2005; Goldberg et at. 2011), Papua New Guinea (Goldberg et al. 2010) and the Pacific 

Islands (Hanley et al 1995; Hanley et al 1998). However, so far there have been no 
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studies of helminth infections in introduced populations of H. frenatus in Australia. 

Hoskin (2011) identified the need for more research on the parasites of H. frenatus 

in this country, especially in relation to their potential impact upon native reptilian 

hosts (as reiterated by Vanderduys & Kutt 2012). 

This study assessed the helminth parasites in specimens of Hemidactylus frenatus from 

the collection of the Museum and Art Gallery of the Northern Territory. These gecko 

specimens were also host to adult and larval pentastome parasites, as reported 

in Barton (2007). This study documents the occurrence of a variety of helminth 

infections in Northern Territory populations of H. frenatus. 

Methods 

Since 1964, Hemidactylus frenatus specimens have been collected by staff of the 

Museum and Art Gallery of the Northern Territory (MAGNT) on an opportunistic 

basis from throughout the Northern Territory, and from the islands off northern 

Australia. Geckos were preserved in 70% ethanol as part of the Museum’s 

wet collection. 

Dissection of the geckos took place in April 2002. Their internal organs were 

removed for inspection. The intestinal tract was opened along its length; 

the gall bladder was also opened but the liver was not examined. All helminths 

recovered were counted (except cestodes, which were often fragmented and were just 

noted as present or absent) and preserved in 70% ethanol. Specimens were cleared 

in glycerol for examination and identification. The low numbers of individuals 

recovered and the initial fixation of the helminths in situ have made identification 

to species level difficult for most of the helminths recovered. Parasite terminology 

used here follows Bush et al. (1997). 

Figure 1. Adult Asian House Gecko (Hemidactylus frenatus), Darwin, Northern 

Territory. (Diane P. Barton) 
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Results 

A total of 72 Hemidactylusfrenatus (average snout-vent length 46 mm; range 34—57 mm) 

were dissected from various locations throughout the Northern Territory 

and offshore islands (Table 1). Due to the opportunistic nature of gecko collection, 

low numbers of individuals were collected from most locations. Thus, the locations 

have been combined into the geographical areas of the Northern Territory mainland 

and Northern Terri ton' offshore islands (as were presented in Barton 2007). 

Only one gecko was available from each of Christmas and Cocos Islands. 

Five types of helminths were recovered from the intestinal system — adult nematodes 

Spauligodon hemidactylus (Pharyngodonidae) (Figure 2) and Maxvachonia sp. 

(Cosmocercidae), a lan-al nematode, a cestode (Oochoristica sp. (Listowudae)), and an 

acanthocephalan. The larval nematode and the acanthocephalan could not be 

identified. 

Specimens of the digenean, Paradistomum sp. (Dicrocoeliidae), were also recovered 

from the gall bladder of eight geckos from the Northern Terntory mainland. 

It is most likely that it is P. geckonum, which has been reported from H. frenatus in a 

number of locations (see Table 2), but, despite the overall body measurements and 

appearance overlapping, the poor quality of the specimens collected did not allow for 

an accurate species identification. Infections of P. geckonum in the gall bladder have 

Figure 2. Adult female Spauligodon hemidactylus from rectum of Asian House Gecko 

(Hemidactylus frenatus) from Darwin, Northern Territory. The head with the pharynx 

visible through the transparent cuticle is on the nght and the tail with its long cuticular 

spine is on the left. Scale bar = 1 mm. (Adam Bourke) 
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been identified by Kennedy et al (1987) as an overflow from a heavily infected liver. 

The liver was not opened in this study. Thus, the data presented here for infection 

levels of Paradistomum sp. in the gall bladder of the host may not be a true indication 

of infection levels for this species and these results need to be treated with caution. 

As only one gecko was available from each of Christmas and Cocos Islands, of which 

only the former was infected with a single Spau/igodon hemidactylus, these geckoes have 

been excluded from all further analyses. 

Spau/igodon hemidactylus (Figure 2) was the most commonly encountered helminth, 

occurring in 17 geckos (24.3%), with a mean intensity of 3.5 nematodes per infected 

gecko. Paradistomum sp. was the next most commonly encountered helminth 

(eight individuals, 11.4% prevalence; mean intensity of 1.6), followed by Oochoristica sp. 

(prevalence of 10.0%). Maxvachonia sp. (prevalence 2.9%, mean intensity of 1), the 

larval nematode and the adult acanthocephalan (both only encountered in one host 

individual) were too rarely encountered to derive meaningful infection statistics. 

For the intestinal helminths only, a total of 24 of the geckos were infected with at least 

one helminth individual (34.3%). Of the geckos that were infected, 22 were only 

infected with one species of helminth (91.7%), and two geckos were mfected with two 

species of helminth (8.3%). For those geckos only mfected with one species of 

helminth, 13 were infected with S. hemidactylus (54.2%). 

Discussion 

This is the first record of helminth parasites infecting Hemidactylusfrenatus in Australia. 

Recent studies (Hoskin 2011; Vanderduys & Kutt 2012) highlighted the need for 

research into the parasites of II. frenatus and sympatnc native geckos to determine 

if H. frenatus is having any parasite-mediated deleterious effects on native geckos. 

Lymbery et al. (2014) detailed the problems with determining whether parasites found 

in invading hosts (called co-introduced parasites) have actually been able to transfer 

successfully to another species of host (i.e. to become a co-invader). This study 

provides some baseline data on helminth parasites infecting H. frenatus in the 

Northern Terntory. However, this study was limited by the nature of collection of the 

animals. Whether the gecko individuals collected were recently-arrived animals or 

the offspring of previously arrived animals (i.e. a successful invader) remains 

unknown. 'Ihus, whether the helminths they contain are also successful mvaders is 

also unknown. Further study is required to determine whether the helminths within 

H. frenatus are able to transmit to other hosts, be they either other H. frenatus 

individuals or individuals of other species. The helminth fauna of many native lizards 

in northern Australia is poorly known (see Goldberg & Bursey 2012) which will make 

determination of transfer difficult. 

The potential impacts of any of the parasites recorded in H. frenatus in this study 

on the health of their host, or the health of any subsequent host species that they may 
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infect, remains unknown. Few helminths have been incriminated as significant 

pathogens of Lizards, especially of wild-caught specimens (Jacobson 2007). 

There are many records of helminth infection in H. frenatus populations front 

Southeast Asia, Papua New Guinea and islands of the Pacific area, showing infections 

with a diverse range of parasites (Table 2). Of these records, Spauligodon hemidactylus 

is present in all locations and in all studies that have documented nematode infections- 

Spauligodon hemidactylus has also been reported from a range of gekkonid species 

(see Goldberg et aL 2011), so is obviously able to transfer easily once established- 

Although Spauligodon is well represented by many species reported from around 

the world, only one, S. ovifitus (from the diplodactylid Lucasium stenodactyluni), has been 

reported from Australia (Bursey et al 2005). Although both S. ovifitus and J. hemidactylus 

have an aspinose tail in the male, S. hemidactylus does not possess a copulatory spicule 

(Bursey, Goldberg & Kraus 2005), as for the specimens collected in this study, litis is 

the first record of S. hemidactylus in Australia. 

The digenean Paradistomum geckonum is also a successful co-invading parasite, 

with a wide variety' of reported host species, including gekkomds, lacertids, agamids 

and scincids, across all locations (see Goldberg, Bursey & Fisher 2005; Goldberg et al 

2008; Table 2). Both Pichelm et al. (1999) and Goldberg and Bursey (2012) do not list 

P. geckonum as having being recorded in Australian reptiles; only P. crucifer has 

previously been reported from a few host species ranging from northern Queensland 

to South Australia (see Goldberg & Bursey 2012). Despite the high level of variability 

in measurements for species of Paradistomum reported m the literature (see Killick & 

Beverley-Burton 1982), the morphological differences between P. crucifer and 

P. geckonum are distinct. The specimens found in this study morphologically match 

the description and the overall body measurements for P. geckonum. However, given 

the wide variation in specimens of this genus reported in the literature, the poor 

quality of the specimens recovered were not able to provide an accurate species 

identification. More research needs to be conducted on H. frenatus in the Northern 

Territory' to confirm the identification of the Paradistomum sp. 

It can be assumed that both Spauligodon hemidactylus and Paradistomum geckonum are likely 

to become successful co-invading parasites in Australia, but further research needs 

to investigate whether they have been transferred to any native Australian reptiles 

post-introduction. 

Oochoristica is a cosmopolitan genus of cestodes, with four species reported from 

Australian reptiles (Bursey et al. 1996). Identification of species of Oochoristica is reliant 

on reproductive features in mature proglottids. The poor quality of the specimens 

found in this study prevented specific identification. 

Maxvachonia has a restricted distribution in reptiles and amphibians, primarily in the 

Australopapuan region (see Moravec & Sey 1990). Five species have been reported, of 

which M. brygooi and M. chabaudi occur in reptiles in Australia (Moravec & Sey 1990). 
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Maxvachonia chabaudi has also been reported from various lizards throughout the 

Pacific islands (Goldberg, Bursey & Fisher 2005). Identification of species 

of Maxvachonia is reliant on the presence of male specimens (see Mawson 1972), 

of which none were found in this study. Therefore, specific identification was not 

attempted. 

In a comparison of the parasite fauna of native endemic and ‘invading’ geckos, 

including Hemidatty/ue frenatus, in Papua New Guinea, Goldberg et al (2010) found that 

the majority of helminths reported were largely generalists with low host specificity'. 

This has led to the suggestion that helminths of Uzards have a "pan-oceanic" 

distribution, from Papua New Guinea north and northeast across the Pacific 

(see Goldberg et al. 2014). Of the records summarised by Goldberg and Bursey (2012) 

for lizards in Australia, various helminths were found to occur in a variety of hosts; 

for example Parapharyngodon kartana has been recorded in representatives across four 

families (Gekkonidae, Diplodactylidac, Agamidae and Scincidae). As further research 

documents the helminths of lizards, especially those sympatric with H. frenatus, it is 

likely that the pattern of generalist helminths and the similarity' of lizard helminth 

faunas will be reported. 
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Abstract 

This paper records the microscopic acoel flatworm Wulguru cuspidata from 

the Northern Territory’, in fact from the northern coastline of Australia, for the first 

time. Whilst being restricted to a narrow belt in the intertidal zone on sandy beaches 

fronting the ocean, this acoel can attain remarkably high densities. Despite 

the stressors it must experience in this habitat — of great fluctuations of temperature 

and salinity’, and of toxic algal and bacterial blooms — it is present year round. 

Its behaviour, which is typical of acoels of the family Convolutidae, of moving to 

the surface of the substrate at low tide apparently to recharge its ‘solar batteries’ 

(i.e. provide light for its symbiotic microalgae) and of burying into the substrate 

at high tide, is described. Whilst this behaviour appears to be a response to 

a combination of tidal and daylight cycles, the biological clock causing it must be very 

complicated. 

Introduction 

In early July 2014, one of us (Megan Hoskins) observed black ‘smudges’ in wave- 

formed ripples and water-formed runnels on the intertidal sand flats in the vicinity of 

the mouth of Buffalo Creek, in southern Shoal Bay, on the south-eastern coast of 

Beagle Gulf, Northern Territory’. The ‘smudges’, that were present only in one narrow 

belt on the tidal flats, looked as though they had been formed by coffee grounds or 

coal dust sprinkled on the dean quartz sand. At other times of the year the ‘smudges’ 

appeared as intense 10 mm wide black spots on the floor of these puddles (Figures 1, 

2, 7—9). On close inspection, the ‘smudges’ were revealed as consisting of hundreds of 

thousands of actively moving, microscopic, dark green ‘worms’ (Figures 3, 4). 

It is remarkable that they were never noticed before. 
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The ‘worms’ were recognised as acoels of the family Convolutidae when they were 

examined under a microscope by Richard Willan. Field trips made by us during July 

indicated these acoels were present, and in equally high densities, throughout 

Shoal Bay and the outer (more oceanic) section of Darwin Harbour. The observations 

reported in this paper were made both at the mouth of Buffalo Creek (12.33°S, 

130.90°E) and at several sites at Casuarina Beach (12.35°S, 130.S7°E), particularly 

at the mouths of Rapid Creek, Surf Lifesaver Creek and Sandy Creek (Figure 1). 

All four authors continued to observe the acoels throughout the dry season, 

the ‘build-up’ and the early wet season of 2014, up to the first bout of the 

north-westerly monsoon in January 2015. We expected the populations would vamsh 

sometime during this period when the air or water temperature increased, or when 

the annual bloom of Tricbodesmium cyanobacteria choked the intertidal zone, or when 

the puddles became filled with the annual die-off of Sargassum sp. seaweed, or when 

the salinity fell to almost zero after bursts of heavy rain, or when the monsoon set in. 

But they persisted throughout all these environmental ‘catastrophes’. 

Figure 1. Wulguru cuspidata inhabits water-filled wave-formed runnels on open sandy 

beaches north of Darwin. This photograph shows the habitat near the mouth of 

Sandy Creek at Casuarina Beach with the transition between the runnels on the 

innermost mid-tidal sand flats (to the left of centre) to the smooth sloping high-tidal 

beach (to the right of centre). The direction of view is due north, 24 October 2014. 

(Neil Wright) 
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Figure 2. Aggregations of Wulguru cuspidata appear as dark sprinklings in wave- 

formed sand ripples on the clean quartz sand at mid-tidal level. Buffalo Creek, 

Shoal Bay, 23 December 2014. (Megan Hoskins) M 

Figure 3. An aggregation of Wulguru cuspidata in a puddle at mid-tidal level near 

the mouth of Sandy Creek at Casuanna Beach, 26 July 2014. (Neil Wright) M 

Figure 4. Wulguru cuspidata aggregating around the edge of a puddle at mid-tidal level 

near the mouth of Sandy Creek at Casuarina Beach, 7 December 2014. 

(Adam Bourke) A 

Figure 5. Wulguru cuspidata, detail of a single individual shown in dorsal view, from 

Casuarina Beach, 7 December 2014. Note the nipple-like tail on the right. 

Scale bar = 1 mm. (Adam Bourke) ► 

Figure 6. Wulguru cuspidata, detail of a single individual shown in dorsal view, from 

Casuarina Beach, 8 July 2014. Note the nipple-like tail on the nght and some grains of 

quartz sand alongside. (Graham Brown) ► 
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Figure 7. Wulguru cuspidata, near mouth of Sandy Creek, Casuarina Beach, 

25 November 2014. These individuals have aggregated mto a ring around the edge of 

wave-formed sand ripples at mid-tidal level. (Neil Wright) 

Figure 8. Wulguru cuspidata, near mouth of Sandy Creek, Casuarina Beach, 

7 December 2014. These individuals have aggregated into circular clusters on the 

floor of a wave-formed sand ripple at mid-tidal level following a heavy storm the 

previous night. (Neil Wright) 

Figure 9. Wulguru cuspidata, near mouth of Sandy Creek, Casuarina Beach, 

29 November 2014. Detail of individuals that have aggregated into a ring around the 

edge of a wave-formed sand ripple at mid-tidal level. (Neil Wright) 
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Following relaxation in magnesium chloride, some specimens from Casuarina Beach 

were preserved m 10% neutral buffered formalin and sent to Dr Leigh Winsor 

in Townsville for identification. He stained them with Gower’s Carmine, cleared them 

in terpineol, and examined them microscopically. I le identified them with confidence 

as Wulguru cuspidata, a species that he had named (Winsor 1988). 

Besides recording the presence of Wulguru cuspidate for the first time in the 

Northern Territory, this article gives some general information on the morphology 

and biology of acoels as well as the family Convolutidae. Following that is 

a description of Wulguru cuspidate including our observations of its behaviour in 

the field. Finally we pose some of the questions resulting from these observations. 

Identifying characters 

Acoels (also known as acoelomorphs) are remarkable marine ‘worms’, 

morphologically, ecologically and phylogenetically. All of them are minute in size, 

usually being less than 5 mm long when adult, and the majority are barely recognisable 

by the human eye in the field. Though they have a mid-ventral mouth, acoels 

completely lack an intestinal cavity with the intestinal cells forming a solid mass 

containing many nuclei in the centre of the body. The gonads are not distinct from 

the surrounding body tissue (Barnes 1980). The body often ends in two pointed tails 

resembling those of a swallow. Those species that live in the intertidal zone, where 

the spaces between the sand grains are not continually filled with water, are the most 

specialised. 

Though acoels are microscopic, their densities can be enormous (i.e. hundreds of 

thousands, perhaps millions, per square metre) (Figures 3, 4) and they are quite 

diverse numerically; currently there are about 400 named species. They will be 

overlooked in any standard survey of manne biodiversity because they are so small 

and because they pass through standard sieves, yet their enormous abundance means 

they are very' important ecologically. The acoel fauna of Australia is poorly known. 

Presently there are seven species (in four genera) of free-living acoels known from 

Australia (Winsor 1989), and that paper contains a key to the genera in Australia. 

Some convolutid acoels, including Wulguru cuspidata, harbour zoochlorellae 

(Volvocales) within their bodies (Figures 4—6), so are green m colour from the 

chlorophyll of these symbiotic microalgae. Juvenile convolutids are colourless when 

first hatched, but they quickly take on a green colour as their mesenchyme becomes 

filled with the microalgae they have acquired. After entering the convolutids, these 

microscopic algae lose their flagellae and undergo other changes but continue to carry 

on photosynthesis; that is, they become endosymbionts (Buchsbaum 1964). 

They capture light, and the energy' thus harnessed is passed to the tissues of the host 

organism. Therefore, convolutids can be described as ‘solar-powered’. However, they 

can also feed autotrophically on diatoms in particular, or microscopic animals livmg in 

the water spaces between the sand grains (meiofauna). 
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An ecologically similar but more elongate green free-living acoel, though from 

a different family (Sagittifcridae), is the Mint Sauce Worm (Symsagittifera roscoffensis). 

This species is much better known under its former name of Convo/uta roscoffensis 

and is a model organism for studying the development of bilateral animals. 

Symsagittifera roscoffensis is world-renowned for its behaviour. It occurs on sheltered 

sandy beaches with shallow water in the north-eastern Atlantic Ocean. When the tide 

recedes it gathers together at the surface of the puddles in hundreds of thousands to 

provide optimal photosynthetic conditions for its green symbiont Tetraselmis convolutae 

(Littlewood 2014). 

Traditionally acoels were pigeonholed into the phylum Platyhelminthes (flatworms) 

as a group of Turbellaria (free-living flatworms) simply because they were small ‘flat’ 

soft-bodied metazoans. They were assumed to be turbellanans highly specialised 

through reduction in body size. However, molecular studies (Ruiz-Trillo et al 1997) 

have shown they, and one other similarly anomalous group of ‘flatworms’, 

the Nemertodermatida, do not belong to the Platyhelminthes. Recent phylogenetic 

analyses based on these studies have proved equivocal with acoels cither stemming 

from the base of the Bilatena or grouping with the Xenoturbellida, as sister group 

to the Ambulacraria (echinoderms and hemichordates) (Mwinyi et al. 2010). 

The first species of free-living acoel to be described from Australia was 

Heterochaerus australis from Port Jackson, central New' South Wales, in 1905 

(Haswell 1905). The second, Wutguru cuspidata, was descnbed on specimens collected 

from the intertidal zone of sandy beaches near Townsville in northern Queensland 

(Winsor 1988). The generic name Wulguru is derived from Wulguru Kaba, the name of 

a northern Queensland Aboriginal tribe. It pays respect to their sea country. The 

specific name is derived from the Latin word cuspis, meaning a point, and it alludes to 

the distinctive single pointed tail of this species. 

Wulguru cuspidata is characterised by the following features (these are the ones that led 

Dr Winsor to identify our specimens with confidence): oblong shape with body 

terminating m a distinctive, pointed, mpple-like tail (Figures 4—6); lateral caudal 

lappets absent; body surface completely covered with cilia, with longer sensor)' cilia 

along the body margin; presence of symbiotic microalgae (of the genus Platymonar, 

hence its green colour); mid-ventral mouth (recognisable by the central brownish mass 

in Figure 6); single statocyst; three separate median ventral pores in the posterior third 

of the body — from front to rear - copulatory pore, then female pore, then male pore; 

muscular penis invaginated within a lightly muscular seminal vesicle; bursa copulatrix; 

two bursal canals. 

Ecology 

The central and western coast of the Northern Territory experiences a macrotidal 

regime with tides reaching a maximum range of 8.0 m, a mean spring tidal range 

of 5.5 m and a mean neap tidal range of 1.9 m (RAN Hydrographic Service 1973). 
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These extreme tides mean that the intertidal zone can be almost 2 km wide on 

springs, and is regularly 0.5 km wide on neaps. 11 u/gurtt cuspidata occupies only 

a narrow' belt within that intertidal zone — barely a few metres wide — w'here the 

almost horizontal sand flats jom the steeper-slopmg high tidal ‘beach (figure 1). 

When the tide recedes, temporary wave-formed ripples in the sand allow sea water to 

be retained at low tide as it percolates from the upper beach by gravity (Figures 1, 2). 

It is in these sand ripples parallel to the shore and in shallow 

water-filled runnels perpendicular to the shore, that II ulguru cuspidata lives. 

As mentioned above, individuals move continuously, but they cluster into a ring 

around the margin of these pools (Figures 7, 9) or, less frequently, into a circular 

mound (approx. 1 cm in diameter) on the floor of the puddles (Figure 8). Hie ring 

pattern can occur any time of the year, whereas the mounds only occur during the 

‘build-up’ season, seemingly immediately after a heavy rainstorm. 

Though densities fluctuate enormously, our surveys showed Wulguru cuspidata 

is present from July continuously through to January, and therefore they are probably 

present all throughout the year. Individuals tolerate high levels of sunlight, extremes 

of temperature, sudden bursts of heavy ram and longer periods of depressed salinity, 

low oxygen concentrations and shading brought about by the annual decomposition 

of Sargassum sp. seaweed in the dry' season and the annual bloom 

of Trichodesmium cyanobacteria in the ‘build-up’. We observed that the major 

environmental factor affecting their occurrence and density was the reshaping of 

the beach brought about by the bouts of the north-westerly monsoon when 

the strong erosive waves and longshore currents associated with the monsoon 

completely reshaped the beach to a nearly flat profile by eliminating the slope at 

high tide and all the sand ripples and runnels at mid-tide and low tide. All the 

populations at Casuarina Beach vanished with the onset of the monsoon because that 

beach receives the full force of the monsoon and the reshaping was complete. 

However, the populations in Shoal Bay persisted because those beaches are sheltered 

from the full force of the monsoon and the puddles remained there. 

The water in the puddles that Wulguru inhabit can become very hot on calm days. 

At midday on 25 October we measured the temperature at 33 78 °C (an average of 

five readings). However, these puddles were still cooler than those just 3 m seaward 

where they received no percolation of water from the beach. The temperature in these 

slightly larger pools was measured as 36.96 °C (an average of five readings) on 

the same occasion. A Mann-Whitney U Test yielded a P value of 0.009 (< 0.05), 

which led us to conclude the temperatures in the two sets of pools were significantly 

different to each other. 

The individuals came to the surface about half an hour after the tide had receded 

beyond their puddles and they (at least we presume the same individuals) remained 

exposed there until it returned. They buried into the sand when the tide was in. 
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We checked this habit of burying by snorkelling at high tide, and there was not a 

single individual to be seen on top of the sand. 

Gently touching these aggregations, or even disturbing the sand next to them, causes 

all the individuals to vanish beneath the sand at the point of impact and immediately 

around it. Presumably the worms sense the vibrations. However, they re-emerge 

quickly and reaggregate. Similarly, waving a hand just above the surface of the water in 

their puddles will cause most individuals to bury. 

It would be interesting to observe a single puddle throughout the course of a low tide 

to see if the patterns formed by the constantly active Wulguru individuals remain 

constant or change. 

There is one more side to the remarkable behaviour of these acoels. That is, 

individuals definitely aggregate at the surface when the tide is low at night just as they 

do during the day. We checked this by visiting Surf Lifesaver Creek at 8 pm 

on 9 August. The full moon had risen, and the density' of individuals was the same as 

when the sun was fully out. Therefore, sunlight cannot be the only factor responsible 

for them emerging and aggregating during daylight. 

Conclusions 

Rather than this report closing one chapter on Wulguru cuspidata in tropical northern 

Australia by recording that it is present in great densities in the Darwin region, 

it actually opens the possibility for much research into the ecology' and behaviour 

of these fascinating microscopic animals. There is a great deal more to be found out 

about them - their physiology, ecology' and behaviour. How do they sustain their 

phenomenal density? Are they obliged to gam food solely from their algal symbionts 

or can they feed independendy on even smaller animals living on the sand surface or 

deeper between the grains of sand? Why do they sometimes aggregate 

in rings and in dense circular patches at other times? How do they manage 

the environmental stressors of high temperatures, ultraviolet light, drying out, 

or the massively increased concentrations of toxins and nitrogen during the annual 

Trichodesmium bloom? Because they have a semi-permeable skin, would one expect 

them to take in diluted seawater by osmosis until they burst when there is a heavy' 

shower when the tide is out? What biological clock is responsible for their daily and 

tidal behaviour? Is it linked to the cycle of the tides, but if so, it would seem 

counterproductive for them to use energy' emerging on moonless nights, or indeed 

at night at all. What happens to them dunng the monsoon when their habitat is lost? 

And lastly, how do they recolonise the beaches when the monsoon is over? 

What remarkable creatures they are! 
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Abstract 

The geographical distribution of the butterflies of the Gulf of Carpentaria, especially 

the southern section, is poorly known. In this note, new distribution records 

are provided for the Caper Gull (Cepora perima/e), Eichhorn's Crow 

(liuploea alcathoe eicbborm), Chocolate Argus (Junonia hedonia). Moth Butterfly 

(Upbyra brasso/is), Black-spotted Flash (1 lypo/ycaena pborbas), Dark Ciliate-blue 

(Antbene seltutlus) and Samphire Blue (Theclinesthes sulpitius) from the 

Karumba-Normanton district in the southern Gulf of Carpentaria. In most cases 

these records bridge the apparent substantial gaps in geographical range between 

the ‘Top End’ of the Northern Territory and Cape York Peninsula of northern 

Queensland. Given that our knowledge of the Gulf Country is still relatively 

incomplete and the region is a frontier for field biology and biogeographical research, 

a basic inventory of butterflies and other insects of the region should be a high 

priority. 

Introduction 

The geographical distribution of the butterflies of the Gulf of Carpentaria is poorly 

known (Hancock & Monteith 2004; Daniels 2005; Franklin 2007). In fact, this vast 

region, stretching from the eastern coast of Gove Peninsula/north-eastem 

Arnhem Land in the ‘Top End’ of the Northern Territory to the western coast of 

Cape York Peninsula in northern Queensland, is perhaps among the least sampled 

areas of the continent for insects. I he reasons for this are fourfold: (a) the region 

is remote with formidable distances involved in reaching the area from the main 

urban centres (cities) of Australia; (b) there are few access roads, especially to 

the coast; (c) the region is inaccessible for up to half of the year due to seasonal 

monsoon flooding during the wet season; and (d) much of the coast comprises 

extensive mangrove forests that can only be accessed by boat. However, knowledge 

of this area is crucial in terms of understanding broad spatial patterns of biodiversity 

and the historical biogeography of northern Australia (e.g. Bowman et al. 2010). 

In particular, the large body of seawater occupying the Gulf of Carpentaria and 

the adjacent mamland consisting of dry' clay plains to the south (often referred to as 
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the Carpentanan Gap) has been hypothesised to comprise a biogeographical filter, 

functioning as a barner for taxa which have disjunct distributions (including allopatnc 

subspecies) in the Top End and Cape York Peninsula, and as a corridor or bridge for 

others that have more continuous distributions (see for example Braby (2008) for 

analysis of butterflies). 

Biogeographical hypotheses such as these can be tested by integrating spatial data 

with population genetic studies using molecular tools, such as DNA sequence data 

from mitochondrial and other genes (e.g. see Jennings & Edwards 2005; 

Lee & Edwards 2008 for recent phylogeographical studies on birds across the 

Carpentanan Gap). Underpinning this broad research agenda, however, is the need 

for fine-scale spatial data of the organisms of interest. For a popular group such as 

butterflies, available information suggests that the geographical distribution of species 

from the Gulf of Carpentana is vert’ incomplete. Although several studies 

have documented the fauna of western Cape York Peninsula (i.e. the eastern section 

of the Gulf) (McCubbin 1972a, b; Monteith & Hancock 1977; Hancock & Monteith 

2004; Daniels 2005; Hopkinson 2011) and the north-eastern areas of the Top End and 

its adjacent islands (i.e. the western section of the Gulf) (Tindale 1923; Fenner 1991; 

Braby 2014a), until relatively recently remarkably little had been published from the 

southern section of the Gulf of Carpentaria (Woodger 1990; Puccetti 1991; 

Daniels & Edwards 1998; Daniels 2005; Franklin 2007; Pierce 2008, 2012; 

Dunn 2013a, b, 2014a, b). As Franklin (2007) remarked perceptively “apparently 

isolated populations on either side of this barner [Carpentanan Gap] tor a large 

number of butterfly species ... are apparent rather than real, reflecting little survey 

effort in the southern Gulf Country.” 

During the course of undertaking field studies in May 2013 concerning a recently 

discovered Delias butterfly from Karumba in the southern Gulf of Carpentaria 

(Darnels 2005, 2012; Braby 2014b), a number of other butterflies were recorded from 

the area. Comparison of these records with available synoptic distribution maps 

(e.g. Dunn & Dunn 1991; Braby 2000) and subsequent literature indicated that 

they filled apparendy substantial gaps in geographical range, some by several hundreds 

of kilometres. Hence, these new distribution records are documented here. 

New records acquired for the Monarch (Danaus plexippus) from the region are 

excluded because these have been reported elsewhere (Braby 2014a). 

For completeness, a list of all the species recorded from the Karumba-N orman ton 

district by the author in May 2013 is provided in Table 1. 

The following acronyms refer to repositories where material has been lodged: 

ANIC: Australian National Insect Collection, Canberra 

DNA: Darwin North Australia Herbarium, Darwin 

NTM: Museum and Art Gallery' of the Northern Territory, Darwin 
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Table 1. List of species of butterflies recorded from the Karumba-Normanton 

district in the southern Gulf of Carpentaria, Queensland, 10-13 May 2013. 

Location numbers are as follows: 1 = Karumba (17.4866°S, 140.8377°E); 

2 = Normanton (17.6693°S, 141.0776°E); 3 = Norman River 2.5 km WNW 

of Normanton (17.6581°S, 141.0591°E); 4 = Walker Creek, 36 km E of Karumba and 

24 km NNE of Normanton (17.4719°S, 141.1794°E). Co-ordinates are in decimal 

degrees and datum WGS84. 

Species Location Data source 

Chequered Swallowtail (jPaptlio demaleus sthenelus) i observation 
Clearwing Swallowtail (iCrtssida crtssida) i, 4 observation 
Yellow Palm-dart (Cepbrenes trichopeplii) 1,2 photograph 
Lyell's Swift {Pe/opidaj lyelli h/ellt) 3,4 observation 
Large Grass-yellow (Iinterna hecabe) 1, 3,4 netted and released 

Lined Grass-yellow (Burtma laeta sand) 4 specimen (male collected) 
Small Grass-yellow (hurema smilax) 1 netted and released 
Lemon Migrant (Calopsilia pvmona) 1,2 observation 
Caper Gull (iCepora perimalc scyllara) 4 specimen (2 males collected) 

Scarlet Jezebel (Delias argenthona argent bona)* 4 observation 

Swamp Tiger (Danaus a/finis affinis) 1, .3,4 observation 

Lesser Wanderer (Danaus petilia) 1, 4 observation 
Monarch (Danausplexippus) 

Kichhomfs Crow (hup/nea akatboe eichbomi) 
1, 4 specimen (male collected) 

4 specimen (3 males collected) 

Common Crow {V.uptoca atrinna) 1, 3,4 netted and released 

Two-brand Crow (huploea Sylvester sy/tester) 4 specimen (both sexes collected) 

Glasswing (Acraea andromaeha andmmacha) 1, 4 observath >n 

Varied I'.ggfly (/ \ypoUmnas holina nerina) 1,2, 3,4 observation 

Chocolate Argus (Junoma bedonia ~elima) 2, 4 specimen (male collected) 

Blue Argus (Junonia oritbya albidncta) 1, .3,4 specimen (male collected) 

Meadow Argus (Junonia nllula lillidd) 1, 3,4 observation 

Moth Butterfly (laphym brassolis major) 4 observation 

Purple Oak-blue (Arhopahi eupolis eupolis) 4 specimen (both sexes collected) 

Black-spotted Flash (/ lypofyeaena phorbas phorirai) 4 observation 

Dark Ciliate-blue (Anlbene seltuttus af/inis) 4 specimen (female collected) 

Small Dusky-blue (Cuindaluies erinus erinus) 1 netted and released 

Wattle Blue (Tbeclincsthes misfoni miskini) 1, 3 netted and released 

Samphire Blue (Theclirusthes sulpitius) 1, .3 specimen (both sexes collected) 

Spotted Grass-blue (Zi^eeria karsandra) 1 observation 

Common Grass-blue (Zimina otis labmdus) 1 observation 

Black-spotted Grass-blue (Damegana alsulus ahulus) 4 specimen (male collected) 

* Subspecific status not determined, but presumed to be the nominate subspecies based on proximity to 

geographical distribution of Delias argenthona argenthona in Queensland. 
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Distribution records for new species 

Caper Gull (Cepora perimale scyUara) 

Three adults were recorded, of which two males were collected (voucher numbers: 

ANIC MFBC00873, ANIC MFBC00874) at Walker Creek, 36 km E of Karumba and 

24 km NNE of Normanton (17.4719°S, 141.1794°E) in riparian paperbark forest with 

rainforest elements in the understorey on 12—13 May 2013. The nearest records of the 

Caper Gull from the Gulf are the Carpentaria Highway at October Creek crossing 

(Braby 2000), approximately 40 km W of Cape Crawford (D.C. Franklin & D. Bisa, 

pers. comm.), Sweers Island South Wellesley Group (Daniels 2005) and Lawn Hill 

National Park (Franklin 2007) to the west, and Weipa (Hancock & Monteith 2004; 

Daniels 2005) to the north-east. 

Eichhom's Crow (Euploea alcathoe eichhomi) 

Three males were collected (voucher numbers: NTM 1.008984, NTM 1.008985, 

NTM 1.008986) at Walker Creek, 36 km E of Karumba and 24 km NNE of 

Normanton (17.4719°S, 141.1794°E) in riparian paperbark forest with rainforest 

elements in the understorey on 12 May 2013. They were resting together 

with overwintering aggregations of Two-brand Crow (Euploea Sylvester Sylvester) 

and Common Crow (Euploea corinna). The subspecies Euploea alcathoe eichhomi 

was previously known only from coastal areas in the Wet Tropics and Cape York 

Peninsula, reaching its western most limits at Weipa (Daniels 2005) and Kowanyama 

(Hancock & Monteith 2004). 

Chocolate Argus (Junonia hedonia zelima) 

An adult was observed at Normanton (17.6693°S, 141.0776°E) on 10 May 2013, 

and a male (voucher number: ANIC MFBC00882) was collected at Walker Creek, 

36 km E of Karumba and 24 km NNE of Normanton (17.4719°S, 141.1794°E) on 

12 May 2013. The nearest records of the Chocolate Argus from the Gulf are October 

Creek crossing on the Carpentaria Hwy (Dunn & Dunn 1991) and Lorella Springs 

near Borroloola (Franklin 2007), to the west; and Weipa (Hancock & Monteith 2004; 

Daniels 2005) and Kowanyama (Hancock & Monteith 2004), to the north-east. 

Moth Butterfly (Liphyra brassolis ma/or) 

An adult was recorded at Walker Creek, 36 km E of Karumba and 24 km NNE 

of Normanton (17.4719°S, 141.1794°E) on 12 May 2013. The individual was observed 

flying in the canopy during the late afternoon (16:45 EST), and it was readily 

distinguished by its powerful flight and large size, being larger than the Chocolate 

Argus (Junonia hedonia) but smaller than the Monarch (Danaus plexippus), other large 

similarly coloured brown butterflies that were also present at the site. 

The Moth Butterfly was previously recorded from the Gulf of Carpentaria only at 

Groote Eylandt (Tindale 1923). 
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Black-spotted Flash (Hypolycaeaa phorbas phorbas) (Figure 1) 

Adults were recorded at Walker Creek, 36 km E of Karumba and 24 km NNE of 

Normanton (17.4719°S, 141.1794°E) in riparian paperbark forest with rainforest 

elements in the understorey on 12-13 May 2013. Males were observed during the late 

afternoon (16:15 HST) establishing territories in the canopy along the forest edge, 

where they perched on the foliage of trees in sunlit patches. A female was observed 

at close range during the morning perched on the foliage of a small tree, but it evaded 

capture. It flew with the Purple Oak-blue (Arbopala eupolis eupolis), of which 

a male and a female were netted and retained as vouchers. The nearest records of 

the Black-spotted Flash from the Gulf are Gove Peninsula and Groote Eylandt 

(Lambkin 2006) to the north-west; and Weipa (Hancock & Monteith 2004; 

Daniels 2005) and Kowanyama (Hancock & Monteith 2004) to the north-east. 

Dark Ciliate-blue (Aatheae seltuttus afSnis) 

A female (voucher number: ANIC MFBC00852) was collected on 13 May 2013 

at Walker Creek, 36 km E of Karumba and 24 km NNE of Normanton (17.4719°S, 

141.1794°E) in riparian paperbark forest with rainforest elements in the understorey. 

Males were also observed perched in the mid-canopy during the morning. 

The Dark Ciliate-blue was previously recorded from the Gulf only at Groote Eylandt 

(Tindale 1923) to the north-west; and Weipa (Daniels 2005), Mitchell River settlement 

(Braby 2000) and Kowanyama (Hancock & Monteith 2004), to the north-east. 

Samphire Blue ( Theclinesthes sulpitius) (Figure 2) 

Three adults (voucher numbers: NTM 1.008966, NTM 1.008967, NTM 1.008968) 

were collected from Karumba (17.4867°S, 140.8377°E) on 10 & 12 May 2013, and 

a larger series (voucher numbers: ANIC MFBC00864, MFBC00865) was collected 

at the Norman River, 2.5 km WNW of Normanton (17.6581°S, 141.0591°E) 

on 11 May 2013. At both locations, adults were recorded in saltmarsh habitat adjacent 

to the Norman River where they associated with the larval food plant, the samphire 

Tecticomia indica (Amaranthaceae) (voucher number: DNA M.F. Braby 145), 

by repeatedly flying around and alighting on the plant. Eggs were located on 

the succulent stems of the food plant. This new material confirms the recent 

observations of Pierce (2008, 2010, 2011), who photographed the species at Karumba 

but did not voucher specimens. The nearest records of the Samphire Blue from 

the Gulf of Carpentaria are Bing Bong near Borroloola (Braby 2014a) and Weipa 

(Dunn & Dunn 1991). 

Figures 1-2. Adult butterflies from the Gulf of Carpentaria: 1. Black-spotted Flash 

(Hypotycaenaphorbas)', 2. Samphire Blue (Theclinesthes sulpitius). (Michael Braby) ► 
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Discussion 

At least 14 species of butterflies have previously been recorded from Karumba 

(Woodger 1990; Dunn & Dunn 1991; Darnels 2005; Pierce 2008; Dunn 2014a, b), 

and only two of these — Orchard Swallowtail (Papilio aegeus) and Mangrove Jezebel 

{Delias aestiva) - were not recorded during my brief visit to the area. Thus, the list of 

31 species reported m Table 1, together with records published in the scientific 

literature, brings the total number of butterfly species recorded from the Karumba- 

Normanton district to 33. 

The new records from the southern Gulf of Carpentaria for six of the seven species 

discussed above (namely Caper Gull, Chocolate Argus, Moth Butterfly, Black-spotted 

Flash, Dark Ciliate Blue and Samphire Blue) fill substantial gaps in the geographical 

range when one compares available synoptic distribution maps for these species 

(e.g. Dunn & Dunn 1991; Braby 2000). When these new records are compared and 

integrated with other recent published records for these species (Hancock & Monteith 

2004; Daniels 2005; Franklin 2007; Braby 2014a), it is apparent that some butterflies 

are distributed continuously across the southern and western Gulf of Carpentaria, 

particularly Caper Gull and Chocolate Argus. The seventh species, Eichhorn's Crow, 

comprises a subspecies restricted to northern Queensland. 

Of particular interest is the recording of three lycaenid butterflies (Moth Butterfly, 

Black-spotted Flash, Dark Ciliate Blue) plus Purple Oak-blue, all of which have their 

immature stages (larvae and pupae) obligatorily associated with the Green Tree Ant 

(also known as the Weaver Ant) (Oecophylla smaragdind). This is a keystone species, 

having a significant role in ecosystem functioning and forming multiple interactions 

with other species. Lokkers (1986) showed that this ant is distributed widely across the 

Australian monsoon tropics, including the Gulf Country. His climatic modelling based 

on two key environmental parameters (mean annual rainfall and average minimum 

temperature), together with the occurrence of the forest-woodland vegetation 

required by this arboreal ant, suggested that the Green Tree Ant was more or less 

continuously distributed in the Gulf of Carpentaria although restricted narrowly to 

coastal areas in the southern section. In contrast, available distribution maps for 

Moth Butterfly, Black-spotted Flash and Dark Ciliate Blue show a substantial gap 

in geographical range across the Gulf between the Northern Territory (north-eastern 

Arnhem Land of the Top End) and northern Queensland (western coast of Cape 

York Peninsula) (Dunn & Dunn 1991; Braby 2000). Given the dependency of these 

butterflies on the Green Tree Ant, and the distribution of this ant, it is therefore 

highly likely that these lycaenids also have a continuous distribution in the 

Gulf Country'. Indeed, the presence of colonics of this ubiquitous keystone ant in 

the Australian monsoon tropics should be used as a cue to search for this guild of 

butterflies (which also includes species of oak-blues), rather than relying on larval host 

plant associations as a proxy' for biological survey. 
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The Gulf Country remains a frontier for field biology and biogeographical research. 

The recent discovery of a new butterfly taxon (Daniels 2012) for a relatively 

well-known group of insects, together with new spatial data for many species, 

highlights the fact that our knowledge of the region is still incomplete. A basic 

inventory of butterflies and other insects of the region should be a high priority. 
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Addendum 

A recent article by Dunn (2015) lists the Dingy Bush-brown (Mycalesis perseus) at Walker Creek crossing 
based on observations made in October 2012; which is an additional record for the Karumba-Normanton 
district. The author also records the Chocolate Argus (Junonia hedonia). Dunn K.L. (2015) New distnbution 
records for nymphalid butterflies (Lepidoptera: Nymphalidae) in Queensland. Metamorphosis Australia. 

Magafne of the Butterfly and Other Iniertelirates Club 76, IK-34. 
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Abstract 

Specimens collected in northern Australia since 2012 confirm an earlier record of 

Star Fruit Flower Moth (Diacrotricha fasciold) (family Pterophoridae) in northern 

Queensland and expand its known distnbution to include the Northern Terntory and 

Timor-Leste. This moth is specific to, and a serious pest of, two Averrhoa species 

(Oxalidaceae) in South East Asia. 

Introduction 

The Star Fruit Flower Moth (Diacrotricha fasciola Zeller, 1852) (Lepidoptera: 

Pterophoridae) is regarded as a serious pest of fruit of Carambola (.Averrhoa carambola) 

in South East Asia, including the Indonesian archipelago (Zeller 1852; Meyrick 1907; 

Tan 1992; Waterhouse 1993; Robinson et at. 2001). Despite its pest status, there are 

actually few published specimen-based records. Zeller (1852) desenbed the species 

from Java, Indonesia. Alipanah et al. (2011) reported it from Sentani, West Papua, 

Indonesia. Bainbrigge Fletcher (1932) and Sidhu et al. (2010) reported specimens from 

India, and Tan (1992) reported it from Malaysia. Photographic records of this species 
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exist from Taiwan (The Taiwan Biodiversity Information Facility 2012), and from 

Hong Kong (Hong Kong Moths 2009), as well as the first, and apparently only, 

record of this species in Australia from Kuranda, Queensland (Richardson 2012). 

Diacrotricba fasciola is host-specific to two species of Averrhoa (Oxalidaceae), 

A. carambola and A. bilimbi (Bainbrigge Fletcher 1920). These species are native to 

Indonesia and Malaysia, and are now widely cultivated throughout South East Asia 

(Orwa et al 2009). In northern Australia, A. bilimbi is relatively uncommon 

(Gregory Chandler, pers. comm.) although it is grown in suburban gardens and its 

fruit are sold in local markets (Louis Elliot pers. comm.), whereas A. carambola is both 

a common garden plant and also grown commercially. Of the approximately 3350 

commercially-grown A. carambola trees in Australia, 65.7% are grown in Queensland 

with the bulk in regional areas surrounding Rockhampton and Bundaberg. 

The remaining 34% are grown in the Darwin rural area and there is also a small 

commercial plantation m the Kimberley region of Western Australia. The estimated 

production potential of Carambola, at a yield of 45 kg/tree, is 150 tonnes valued at 

I1.21M per year (Fanning & Diczbahs, 2013). There are no native species of Averrhoa 

in Australia and the most closely related plants in Australia are species from Oxalis and 

Biophylum, neither of which is known to host D.fasciola. 

Bainbrigge Fletcher (1932) summarised the biology of Diacrotricba fasciola. The eggs 

are usually laid on or near flower buds and the newly emerged larvae bore into 

the flower buds, but they do not feed on leaves. The larvae are dark pink in colour 

(Figure 1) but they turn green pnor to pupation (Figure 2). The pupae are light green 

and are attached to the underside of leaves by strands of silk in an upright position. 

Pupation lasts only a few days. The adults (Figure 3) readily fly when leaves are 

disturbed, but do not move far from the host plant. 

The detection of a population of D. fasciola near Darwin prompted more extensive 

surveys for this pest across northern Australia and m Timor-Leste. 

Methods 

Surveys for Diacrotricba fasciola were conducted at a range of sites in northern Australia 

and in Timor-Leste (Table 1). Adults were collected by sweep netting foliage 

of Carambola or directly by hand from leaves. Larvae were dislodged from Carambola 

buds and blossoms by beating into a white tray held underneath the flowers. 

Pupae were located by visual examination of the underside of the leaves. Larvae 

and pupae were reared in plastic rearing cages with a mesh lid and plenty of foliage 

and inflorescence. A series of larvae were immersed in near boiling water for 1 minute 

then preserved in 70% ethanol for permanent storage. Additionally, pterophond 

moths lodged in the Northern Territory Economic Insect Collection and the Museum 

and Art Gallery of the Northern Territory were searched for specimens of D. fasciola. 
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Figure 1. Early instar larva Diacrotrichafasciola feeding on bud of Averrhoa carambola. 

(Brian Thistleton) 

Figure 2. Final instar larva of Diacrotricha fasciola is green upon pupation. 

(Brian Thistleton) 
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Figure 3. Adult Diacrotrichafasciola. (Brian Thistleton) 

A range ot reared and collected adults were pinned and the genitalia of male 

and female specimens were prepared according to the method desenbed by Robinson 

(1976), with some modifications. The following suite of characters served to separate 

adult D. fasciola from other Pterophoridae known from Australia and from the 

two congeneric species listed by Gielis (2003a) and Alipanah et al. (2011), and these 

were used to confirm the identity of specimens. The forewing lobes are deeply cleft 

and finely pointed. There is a distinctive pattern of markings on the abdomen 

and forewing, in particular dark markings on the leading edge of the hind lobe 

of the forewing. There are prominent upraised scales on top of the head (Diakonoff 

1952) (Figure 3). 

A small piece of tissue from each of the specimens listed in Table 2 was subjected to 

DNA extraction using the DNeasy Blood and Tissue Kit (QLAGEN, Doncaster, 

Australia) following the manufacturer’s instructions. The DNA was eluted in 200 pL 

of AE buffer and stored at -20°C. The LCO1490 and HC02198 primers (Folmer et al. 

1994), which target the 5’ end of the cytochrome oxidase subunit 1 mitochondrial 

gene commonly referred to as the DNA barcode region (Hebert et al. 2003), were used 

for PCR amplification as described in Beilis et al (2013). 

The following acronyms refer to repositories where material has been lodged or 

accessed: 

NTQIC Northern Territory Quarantine Insect Collection, Darwin 

NTEIC Northern Territory Economic Insect Collection, Darwin 

MAGNT Museum and Art Gallery of the Northern Territory, NT 
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Results 

Specimens of Diacrotricha fasciola were detected from the northern part of the Northern 

Territory, northern Queensland and the northern coast of Timor-Leste (Table 1). 

At all sites harbouring D. fasciola, adult moths were easily seen after being disturbed 

during sweep netting activities. No moths were detected at Atherton, Kununurra, 

Broome or the Dampier Peninsula (Table 1). 

The cytochrome oxidase subunit 1 gene was amplified from four specimens with 

consensus sequence readings greater than 550 bp. One specimen had a consensus 

reading of less than 300 bp, w'hich is too short to be considered as a DNA barcode 

and was not submitted to GenBank (data not shown). All consensus sequences had 

over 99% sequence similarity with specimens from the family Pterophondae from 

private entries to GenBank which are yet to be released to the public. There were no 

high sequence similarity matches on GenBank. The DNA barcodes were submitted to 

GenBank and the accession numbers are listed in Table 2. 

Table 2. Specimens used for DNA barcoding analysis. 

Specimen Details 

identifier 

GenBank 

Accession 

Number 

SJA00342 Austraha, Bees Creek, 110 Horne Road 

12.5936°S, 131.0542°E 

05 MAR 2013 

Sweep netting Averrboa carambo/a 

Coll: S. Anderson & G. Beilis 

Det: E.D. Edwards Conf: D. Hobern 

ENQ33232 Austraha, Acacia Hills, Mocatto Rd 

12.7500°S, 131.1500°E 

2012 

Coll: B. Sandry 

ENQ61525 Austraha, Bees Creek, 110 Horne Road 

12.5667°S, 131.0500°E 

17 APR 2013 

Coll: B.M. Thistlcton, S.J. Anderson 

& G.A. Beilis 

Det: E.D. Edwards 

KM363762 

KM363763 

KM363765 
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Discussion 

It is unlikely that Diacrotricha fasciola is native to Australia as neither of its host plants is 

native to this country. The widespread distribution and lack of previous reports of 

D. fasciola throughout the Darwin rural area suggests this species has been able to 

establish undetected and disperse between Carambola crops since 2012. This relatively 

widespread occurrence is most likely nowadays a reflection of the low pnonty given to 

the pest fauna of this plant due to its low economic importance m this region rather 

than indicating a recent detection. 

Adult Diacrotricha fasciola are readily visible following disturbance by sweep netting. 

This high visibility, plus Tan’s (1992) discovery of D. fasciola on every farm growing 

Carambola that was inspected in Malaysia, lends credence to the negative results 

reported here from Western Australia. Even so, no specimens were observed on 

the single tree inspected at Atherton in Queensland, so it would be prudent 

to resurvey Carambola crops in areas free from D. fasciola whilst plants are flowering 

to maximise the chances of detecting this pest. Areas apparently free from mfestation 

of D. fasciola, such as northern Western Australia, would benefit from maintaining this 

pest-free status. 

There is little known about the dispersal and ecology of D. fasciola. Wind-assisted 

dispersal has been suggested as the agent responsible for the sudden appearance of 

other species of Lepidoptera in northern Australia, which presumably arrived from 

Timor-Leste (Braby et al. 2014) or from New Guinea (Royer 2009), and this may also 

be the pathway used by D. fasciola to enter northern Australia. The lack of reports 

of this species from Papua New Guinea (Giclis 2003b), however, casts doubt over 

that country as the origin of the Queensland populations. Surveys of Carambola 

plantings from the northern Cape York Peninsula and from New Guinea may clarify 

the status of D. fasciola in this region. Alternatively, DNA analyses could potentially be 

used to compare the genetic diversity of Northern Territory and Queensland 

populations which may help to elucidate the source of these populations. 
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