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1.0 INTRODUCTION 
1.1 Overview 
The Northern Territory Government has implemented the first targeted marine pest monitoring programme in 
Darwin Harbour as part of the National System for the Prevention and Management of Marine Pest 
Incursions (the National System).  The primary aim of the programme was to detect new incursions of marine 
pest species establishing in the harbour.  In April and August-September 2010, Golder Associates undertook 
field surveys at 22 sub-locations within the harbour using methods designed for detecting a suite of 28 
marine pest species.  This report includes a discussion of the findings of the monitoring surveys, the success 
of the survey design and recommendations for future monitoring of marine pests in the Northern Territory. 

Marine pests pose a threat to the marine environment, causing damage to structures and vessels and 
threatening the social and economic benefits of a range of industries (Bax et al. 2003).  These pest 
populations have the potential to impact on commercial and recreational fishing, domestic and international 
shipping, port industries, aquaculture and tourism, as well as the general public use of coastal and marine 
environments.  International vessels are among the most common vectors for the introduction of marine 
pests, while domestic shipping and the movement of recreational vessels around the coast can result in their 
spread to other parts of the coastline (MAF Biosecurity New Zealand 2010).      

To reduce the risks posed by marine pests, Australian federal, state and territory governments agreed to a 
comprehensive national approach and developed the National System.  The approach involves a national 
monitoring strategy that provides for surveillance of locations with the highest risk of pest incursion and for 
marine pest species most likely to have a significant impact in Australia.  The Northern Territory 
Government’s Department of Resources established the following objectives in line with this approach: 

Primary Monitoring Objectives 

 To detect new incursions of established target species at the Port of Darwin that have already 
established elsewhere in Australia or New Zealand; and  

 To detect new incursions of established target species at the Port of Darwin that have not previously 
been recorded in Australia or New Zealand that are known to be pests elsewhere. 

Secondary Monitoring Objectives 

 To detect target species that appear to have clear impacts or invasive characteristics; and 

 To identify high-risk times and/or optimum times for sampling target species (e.g., time of year when a 
species is present in the water column). 

Key personnel involved in the 2010 implementation of the Darwin Harbour marine pest monitoring surveys 
from the Department of Resources and Golder Associates are presented below:  

Helen Cribb – Manager Aquatic Biosecurity, Fisheries 
NT Department of Resources 
Goff Letts Building, Berrimah Research Farm, GPO Box 3000 Darwin NT 0801 
P: 08 8999 2126, F: 08 8999 2065, M: 0417 805 208, E: helen.cribb@nt.gov.au 
 
Emily Jones – Marine Scientist 
Golder Associates (NZ) Limited 
PO Box 33-849, Takapuna 0622, Auckland, New Zealand 
T: +64 9 486 8068, D: +64 9 918 7252, F: +64 9 486 8072, E: ejones@golder.co.nz 
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1.2 Report Scope 
Two supporting documents have been developed for the National System: the Australian Marine Pest 
Monitoring Guidelines (the guidelines; DAFF 2010a) and the companion ‘how to’ manual, the Australian 
Marine Pest Monitoring Manual (the manual; DAFF 2010b).  These two documents provide the framework for 
undertaking marine pest monitoring in Australia as required by the National System, and have formed the 
basis for undertaking the first round of surveillance surveys in Darwin Harbour in 2010.   

This report1 has been prepared to fulfil the reporting requirements of the National System as set out in the 
manual (DAFF 2010b).  The report provides a description of the field surveys and marine pest species 
detected in Darwin Harbour in 2010, and includes details on the following matters as listed in the manual: 
 

 Contact information for key person(s) responsible for implementing the programme. 

 Definition of the monitoring location. 

 Details of interactions with stakeholder partners. 

 Details of survey design and implementation, including sampling sites and survey timeframes. 

 Specimen collection and identification of marine pest species. 

 The success of the monitoring activities and fulfilment of objectives. 

 Difficulties or problems encountered during sampling and subsequent management actions. 

 Recommendations for changes to the monitoring survey design. 

 Comment on the effectiveness of documentation and tools provided under the National System. 

 

1.3 Report Layout 
This report is presented in the following sections: 

1) Introduction – outline of the objectives of the Darwin Harbour marine pest monitoring programme and 
information on the main contacts relating to the contents of this report.  Report scope and layout are 
also outlined. 

2) Project Background – an overview of the context of the project and the process for designing the 
monitoring surveys.  This section includes basic information on Darwin Harbour as the monitoring 
location. 

3) Survey Design – details of the sampling sites and marine pest species targeted during the monitoring 
surveys. 

4) Survey Implementation – details of the approach for implementing the survey design in Darwin Harbour, 
including information on the field team, stakeholder partners, and providers of taxonomic expertise.  
The sampling techniques (observation system methods) and sample processing approach for marine 
pest detection are described. 

5) Monitoring Results – outline of the survey schedule and sample collection made during the marine pest 
monitoring programme.  A discussion of the marine pest species detected during the surveys is 
presented in this section. 

                                                      
1 This report is provided subject to the limitation in Appendix A. 
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6) Stakeholder and Community Awareness – description of the approach to informing and involving 
stakeholders and the wider community in marine pest monitoring in Darwin Harbour. 

7) Recommendations – highlights practical considerations and possible alterations to the survey design 
and documentation provided within the National System process for marine pest management.  

8) Summary – outlines the key outcomes of the marine pest monitoring surveys in Darwin Harbour. 

 

 

2.0 PROJECT BACKGROUND 
2.1 Overview 
The National System has been developed and accepted as the national approach by Australian 
governments to reduce the risk posed by marine pests (http://www.marinepests.gov.au/national_system).  
This approach involves a national monitoring strategy for ongoing, standardised and targeted monitoring of 
marine species that are most likely to have significant adverse impacts and at locations with the highest risk 
of marine pest incursion.  The outcomes of the strategy will support the prevention and emergency 
preparedness, and response elements of the National System.  The Darwin Harbour marine pest monitoring 
survey has been developed in line with the requirements of the National System and will complement the 
information collected during other programmes for investigating marine pests in Darwin.  Several 
programmes for marine pest monitoring have previously been undertaken in Darwin, with some continuing 
as on-going marine pest surveillance. 

In 1998-89, a baseline survey for non-native marine pest species was designed and implemented in Darwin 
Harbour (Russell & Hewitt 2000).  The sampling design was prepared according to principles developed by 
the Centre for Research on Introduced Marine Pest (CRIMP), part of Australia's Commonwealth Scientific 
and Industrial Research Organisation (CSIRO) (Hewitt & Martin 1996, 2001).  The baseline survey was 
undertaken jointly by CSIRO-CRIMP and the Museum and Art Gallery of the Northern Territory (MAGNT).  
Thirty sites within the harbour were investigated including Fort Hill Wharf, Stokes Hill Wharf, East Arm Wharf, 
Iron Ore Wharf, Fisherman’s Wharf, Cullen Bay Marina and Frances Bay Marina.  Sampling was carried out 
in both the dry season (August 1998) and wet season (March 1999) to allow for possible seasonal changes 
in pest populations as a result of the significant environmental differences between the seasons.  

A total of 879 marine species were identified during the baseline survey, including new species and others 
not previously recorded in northern Australia (Russell & Hewitt 2000).  The survey led to the detection of the 
black-striped mussel (Mytilopsis sallei) in Cullen Bay Marina and the discovery of secondary infestations at 
five sites including Tipperary Waters and Frances Bay marinas.  The mussel was found in March 1999 but 
had not been collected in the previous survey undertaken in August 1998.  The detection of black-striped 
mussel triggered a multi-agency response led by the NT Government and was supported by several 
organisations including MAGNT, Charles Darwin University and CSIRO.  Chemical treatment (sodium 
hypochlorite and copper sulphate) of the waterways was used to successfully eradicate black-striped mussel 
from Darwin Harbour (Bax et al. 2002). 

As a direct result of the black-striped mussel incursion, the Aquatic Biosecurity unit of the Department of 
Resources regularly monitor the marine fouling communities of the Northern Territory coastline for the early 
detection of marine pest populations (Cribb et al. 2010).  Monthly collections of water quality information and 
the inspection of artificial settlement collectors are made in Darwin’s locked marinas (Cullen Bay, Tipperary 
Waters, Bayview, Frances Bay) and at open-water sites at Stokes Hill wharf, HMAS Coonawarra, and Cullen 
Bay pontoon, with additional settlement collectors deployed at East Arm wharf, Fort Hill wharf and Fannie 
Bay.  No recognised marine pest species were observed during the most recent monitoring undertaken in 
2008-09 (Cribb et al. 2010).  The NT Fisheries Group also routinely inspects vessels wishing to enter Darwin 
marinas that are unable to demonstrate that the hull has been cleaned or antifouled in Australia.  Treatment 
of internal seawater systems is also carried out to kill marine pests (http://www.nt.gov.au/d/Fisheries).  
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2.2 Monitoring Location 
Darwin Harbour is broadly defined as the marine area inshore of the line between Gunn and Charles Points 
(McKinnon et al. 2006).  Within this boundary, the catchment area of the harbour is approximately 2,417 km2 
and the surface area ranges between 660 to 1,220 km2 at the lowest and highest astronomical tides 
respectively.  Darwin Harbour is macro-tidal with a maximum tidal range of 7.8 m, and mean neap-spring 
tidal range of 1.9-5.5 m.  This large tidal movement produces strong current of up to 2 m/s.   

Located in the Top End of the Northern Territory, Darwin has a tropical climate with two distinct seasons: the 
wet season from October to April and the dry season from May to September.  The wet season includes a 
period of rainfall from December to March and is characterised by high humidity, thunderstorms and 
occasional cyclones, while the dry season is characterised by warm, dry days and cooler nights.  These 
environmental factors were taken into account when implementing the field surveys.  

The extent of the monitoring location for the Darwin Harbour marine pest monitoring programme is presented 
in Figure 1. 

 

2.3 Designing the Survey 
GHD Pty Ltd (GHD) designed the marine pest monitoring survey for Darwin Harbour using a toolbox 
package, the Monitoring Design Package (MDP) which was provided as part of the supporting tools for the 
National System to aid in the monitoring design process and reporting.  The design process specifically 
included the use of the Monitoring Design Excel Template (MDET) tool which provided calculations for some 
key aspects of the survey design for determination of: 

 Target pest species; 

 Observation Systems Methods (OSMs) and sample sizes; and 

 Estimates of survey costs. 

The Monitoring Coordination Point (MCP) set up through the Commonwealth Department of Agriculture, 
Fisheries and Forestry (DAFF) approved the survey design and considered that the plan met the minimum 
survey requirements of the National System (GHD 2009).   

The survey design process involved collating and assessing information on environmental conditions, marine 
habitat distribution, previous marine pest incursions and an assessment of possible vectors for the 
introduction of marine pests into Darwin Harbour.  The Department of Resources and other administrative 
stakeholders of coastal areas within Darwin Harbour worked closely with GHD during the development of the 
survey design, which included the Department of Planning and Infrastructure, the Darwin Port Corporation 
and the Department of Defence – Australian Navy.  The result was the development of monitoring area maps 
that identified the location, type and number of sampling requirements for the 2010 marine pest monitoring 
surveys (GHD 2009).  The monitoring programme was designed to be cost-effective in terms of choice of 
sampling sites, the replication of sampling effort and the use of appropriate sampling methodologies.   

The primary survey period occurred during the dry season, when the likelihood for the introduction of marine 
pest species is greatest owing to high levels of vector traffic into Darwin.  All 22 sub-locations were examined 
during the dry season survey.  A reduced survey of only the four locked marinas was carried out during the 
end of the wet (post-wet) season. 
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2.4 Stakeholder Partners  
Stakeholders operating at or involved in the administration of potential monitoring sub-locations were 
identified and consulted during the survey design process to gain an understanding of key issues and 
existing information relevant to the programme (GHD 2009).  Consultation occurred through workshops and 
one-on-one meetings to discuss design approach and finalisation, including sampling site selection.  The 
survey design report (GHD 2009) presents more detailed information on stakeholder liaison undertaken as 
part of the survey design process. 
 
 

3.0 SURVEY DESIGN 
3.1 Sub-locations 
The sub-locations examined during the marine pest monitoring programme in 2010 are presented in Figure 1 
and included: 

 Fannie Bay moorings. 

 Frances Bay Mooring Basin and outer moorings. 

 Cullen Bay, Tipperary Waters and Bayview Marinas.  

 Cullen Bay pontoon. 

 IFFV 2 and 3 illegal foreign fishing vessel moorings. 

 Charlie 7 and Bravo 2 channel markers.  

 Fort Hill, Stokes Hill, East Arm, and Wickham Point wharves. 

 HMAS Coonawarra navy basin. 

 Perkins shipping yard. 

 Spot On Marine shoreline. 

 Darwin Sailing Club boat ramp and foreshore. 

 Sadgroves and Hudson Creeks. 

 Weed Reef. 

Areas targeted for marine pest monitoring at these sub-locations included the following structures and 
substrates: 

 Marina structures, pontoons, moorings. 

 Wharves. 

 Rock revetments. 

 Boat ramps and slipways. 

 Careening poles.  

 Beaches and mangroves.   

 Subtidal reef patch and areas of soft seabed. 
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The post-wet season survey undertaken in April 2010 only involved sampling at the four locked marinas: 
Cullen Bay, Frances Bay, Tipperary Waters and Bayview.  These sub-locations were selected for inspection 
during the wet season period on the basis that the environmental conditions within the locked marinas 
change between seasons to a greater degree than conditions in the outer harbour areas (GHD 2009).  The 
changing environmental conditions within these marinas involve decreases in salinity and the development 
of stratified temperature gradients resulting from inundation with freshwater during the wet season (GHD 
2009).  The survey carried out during the dry season in August-September 2010 involved the full 
complement of all 22 sub-locations throughout the wider harbour, including re-sampling at the locked 
marinas. 

 

3.2 Target Species 
Marine pest species were chosen using the MDET during the survey design phase (GHD 2009) and were 
those considered to be potentially present during both or either of the post-wet and dry season sampling 
periods.  Table 1 presents the marine pest species targeted during the Darwin Harbour marine pest surveys 
(adapted from GHD 2009).  The observation system methods (OSMs) employed to detect these species are 
described in Section 4.4 of this report. 

The Asian mussel, Musculista senhousia was not selected through the MDET process but was included in 
the list of targeted species as this mussel has a wide salinity and temperature tolerance range that could 
match the conditions in Darwin Harbour.  The inclusion of the Asian mussel was also warranted for the 
monitoring surveys as this species had been previously detected as biofouling on vessels entering Darwin 
Harbour (GHD 2009).    

 

 

4.0 SURVEY IMPLEMENTATION  
4.1 Overview 
The field surveys and all subsequent reporting requirements for the Darwin Harbour marine pest monitoring 
programme was carried out by Golder Associates (Golder Associates (NZ) Ltd, and Golder Associates Pty 
Ltd).  A Darwin-based commercial diving company, Tek Ventures Diving Services, were contracted to assist 
in conducting fieldwork and staff from the Department of Resources were also involved during components 
of the fieldwork and during presentations for public information sessions.   

The sampling plan used during the post-wet and dry season surveys followed the design presented in the 
Survey Design report (GHD 2009).  This survey involved the inspection of various substrates and structures 
at 22 sub-locations throughout the wider Darwin Harbour area.  The sampling methods employed to detect 
the target species listed in Section 3.2 were based on the OSMs presented in the manual (DAFF 2010b).  
Some methods were adapted to better suit the conditions at sub-locations and to ensure good quality 
samples were obtained.  The sample collection methods and any adaptations to these techniques are 
described in the following sections and in interim survey reports (Golder 2010b, c).  Sampling equipment 
used for this programme was supplied by Golder Associates and MAGNT. 
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Table 1: Targeted marine pest species and sampling techniques used during the Darwin Harbour monitoring surveys in 2010.  

Pest Species 

Observation System Method 

Diver visual 
search 

Quadrat 
Scrape 

Benthic 
Core or 

Grab 
Walk 

Transect 
Plankton 
netting 

Epibenthic 
Dredge Beam Trawl Crab Trap 

Algae         
Bonnemaisonia hamifera         
Caulerpa racemosa         
Caulerpa taxifolia         
Codium fragile spp. tomentosoides         
Grateloupia turuturu         
Womersleyella setacea         
Ascidiacea         
Didemnum spp.         
Crustacea         
Carcinus maenus         
Hemigrapsus sanguineus         
Hemigrapsus takanoi/pencicillatus         
Rhithropanopeus harrisii         
Ctenophora         
Beroe ovata         
Mnemiopsis leidyi         
Fish         
Siganus luridus         
Siganus rivulatus         
Mollusca         
Balanus eburneus         
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Pest Species 

Observation System Method 

Diver visual 
search 

Quadrat 
Scrape 

Benthic 
Core or 

Grab 
Walk 

Transect 
Plankton 
netting 

Epibenthic 
Dredge Beam Trawl Crab Trap 

Crassostrea gigas         
Crepidula fornicata         
Ensis directus         
Musculista senhousia         
Mya arenaria         
Mytilopsis sallei         
Perna viridis         
Rapana venosa         
Varicorbula gibba         
Polychaeta         
Hydroides dianthus         
Sabella spallenzanii         
Dinoflagellates         
Alexandrium monilatum         
Note that two ticks indicate that the species was sampled twice using this OSM (i.e., in both the post-wet and dry season survey). 
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4.2 Field Operations 
Field operations were managed and undertaken by a team of marine scientists from Golder Associates, 
including a scientific scuba diver who was supported by the commercial dive team from Tek Ventures Diving 
Services.  Samples were processed during and immediately after the field survey by Golder Associates’ field 
team.  Visual searches and inspection of samples were made for detection of target species as well as other 
marine organisms that appeared to be unusual or rare.  Suspect organisms were delivered to taxonomic 
experts engaged for identification of target species at the end of each of the surveys.     

To ensure the success of the monitoring programme, field team members had to be confident in the 
recognition and detection of the target marine pest species.  To this effect, guidance was provided to the 
field team to make certain that the number of organisms seen and recorded by each observer was an 
accurate reflection of the actual organisms present.  This requirement applied to all Golder personnel as well 
as diving subcontractors carrying out underwater observations (including members who were already familiar 
with the appearance of potential marine pests).  Proficiency in the accuracy and rapid identification of the 
target species was achieved by referencing photographic information coupled with underwater supervision 
by Golder’s scientific diver.   

A two-step approach was developed to instruct fieldworkers carrying out visual inspections.  This approach 
involved initial desktop learning using information and images of the target pest species and an overview of 
the sampling methodology.  A guided presentation (powerpoint slideshow) and field guide of information on 
target marine pests was prepared for the observers.  This allowed the dive team to become familiar with both 
the theory of visual search techniques and target pest species.  Key morphological characteristics that 
identify marine species were highlighted; for instance, body shape, colour of markings, and any distinctive 
traits (e.g., spots, lines or stripes) and their location on the body of the organism.  Behaviour and preferred 
biotopes of the species were also presented as useful information to refine the approach to visual 
inspections and other sampling methods.  The second aspect of the training programme involved conducting 
in-water searches utilising the underwater visual technique under supervision of Golder Associates’ scientific 
diver.  To further ensure detection of pest species, the dive team was instructed to photograph and collect 
any specimens when they were uncertain of their native or non-native status.  Marine species that were 
found during the surveys to be displaying invasive characteristics (i.e., prolific spread and very high 
abundance or population dominance in fouling assemblages) were also collected for taxonomic identification.   

 

4.3 Marine Pest Identification 
Taxonomic experts from MAGNT, the Royal Botanic Gardens Sydney and the National Institute for Water 
and Atmospheric Research (NIWA) in New Zealand were engaged for identification of specimens with the 
assistance of MAGNT representative, Dr Richard Willan.  An outline of the taxa requiring identification 
(based on the suite of target species) and the respective taxonomic expertise enlisted to assist in 
identification of specimens collected during the project are presented in Table 2.  Voucher specimens 
collected during the surveys will be housed with MAGNT. 
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Table 2: Taxonomic experts enlisted to assist with Darwin Harbour marine pest monitoring in 2010. 
Area of Interest Name Organisation Position 

Algae Professor Alan Millar Royal Botanic Gardens 
Sydney 

Principal Research Scientist 

Ascidiacea Mike Page NIWA Marine Ecology and 
Aquaculture Research Group 

Anna Bradley NIWA Marine Ecology and 
Aquaculture Research Group 

Crustacea Dr Shane Ahyong NIWA Marine Biodiversity and 
Biosecurity (manager) 

Ctenophora Dr Lisa-Ann Gershwin QVMAG Curator of Natural Sciences 
Fish Dr Barry Russell Charles Darwin University Adjunct Senior Research 

Fellow 
Mollusca Dr Richard Willan MAGNT Senior Curator, Molluscs 

Editor, Academic Publications 
Polychaeta Dr Chris Glasby MAGNT Marine Curator 

Charlotte Watson MAGNT Marine Curator 
Dinoflagellates Dr Hoe Chang NIWA Senior scientist 

 

4.4 Observation System Methods 
4.4.1 Diver visual searches 
Underwater visual surveys were carried out by scuba divers over soft and hard substrates including marina 
and wharf structures, moorings and pontoons, rock revetments and open areas of the seafloor.  Each 
transect covered approximately the area identified in the survey design maps (GHD 2009).  A pair of divers 
swam along a pre-determined transect line along the length of the wharf, seawall or structure and examined 
the vertical extent of piles and other submerged hard substrates searching for organisms of interest.  Visual 
searches were typically conducted for 40-60 minutes but were adjusted relative to the size of the area under 
examination.   

Communication between the divers and the top-side dive supervisor or marine scientists was enabled by an 
umbilical cord connected to one of the divers at all times or via through-water communication devices.  This 
allowed the supervisor to direct the divers on the correct heading when visibility was low and for further 
instruction by Golder’s scientists.     

Digital photographs were taken of organisms of interest insitu and specimens were carefully extracted from 
the substrate and retained for taxonomic identification.  The divers also reported back to the field team on 
any relevant observations of the underwater environment, i.e., degree of underwater visibility, the nature of 
the seafloor and the spread or abundance of marine populations. 

 

4.4.2 Quadrat scrapes 
Divers collected biota from an encrusted wharf structure by scraping inside a 0.25 m2 area quadrat.  Several 
quadrats were collected at the site specified in the survey design (GHD 2009).  To allow for good coverage 
of the site, quadrat scraping was repeated at three evenly-spaced areas along the concrete wall of Perkins 
Shipping Number 5 berth.  Scrapings were made at 3.5 m, 6.5 m and 8.5 m from the top of the berth (the 
upper depth was at 0.5 m below water level at low tide).  These depths were sampled at all three areas 
along the wall.  Specimens of particular interest were retained for taxonomic identification. 
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4.4.3 Benthic core or grab sampling 
Small cores (30 mm diameter, 250 mm length) were used to sample for the dinoflagellate 
Alexandrium monilatum.  Small cores were frequently used for sample collection in place of the grab sampler 
indicated in the survey design (GHD 2009) as grab sampling can disturb the top layer of sediment in which 
the cysts reside when the heavy equipment penetrates the substrate.  The sediment may also be washed 
away as the grab is hauled through the water column for retrieval at the surface.  As an alternative, the 
careful use of small cores by divers meant that the surface sediment was collected with minimal disturbance.       

PVC cores collected seafloor substrates to approximately 150 mm deep, with five cores collected for each 
sample to make one composite sample to ensure that enough sediment was collected to adequately detect 
potential cyst species.  On retrieval at the surface, the seawater and top few millimetres of sediment was 
siphoned with a pipette and combined in the sample container and preserved with 1% Lugol’s solution.   

In some instances, cores could not be collected by divers due to the safety risk presented by crocodiles and 
a small ponar grab sampler was used in these instances.  The seawater and top few millimetres of sediment 
contained within the grab was siphoned with a pipette into the sample container and preserved. 

 

4.4.4 Walk transects 
Marine scientists explored a specific area of coastline for target species or unfamiliar organisms including 
crab moults, seaweeds and mollusc shells.  Distances covered were based on the survey design (GHD 
2009) and covered the area along the low tide mark as well as the high tide mark and any areas where 
animals are most likely to be trapped with the receding tide.  Suspect target species were retained for 
taxonomic identification. 

In some instances, walk transects were altered owing to tidal movements and logistical constraints on the 
day of the field survey.  These were replaced with searches made by divers if the area was submerged 
during the time of sampling or were conducted from small vessels with the field team inspecting the substrate 
visible at low tide from this vantage point. 

 

4.4.5 Plankton netting 
Plankton samples were collected by horizontal tows of a hand-deployed plankton net (100 μm mesh,  
700 mm diameter aperture).  Plankton tows were targeted specifically at capturing the comb jellies 
Beroe ovata and Mnemiopsis leidyi; however, advice from a taxonomic expert suggested that these species 
may break apart easily on first contact with the net.  It was suggested that visual observations by divers was 
the most practical option for detecting these species; therefore, divers searched for comb jellies during 
underwater visual searches.  If detected, the divers would attempt to carefully collect the specimen in a jar to 
prevent disintegration of the animal. 

 

4.4.6 Epibenthic dredge tows 
An epibenthic dredge (450 mm x 250 mm mouth size; 20 mm mesh) was used to collect fauna living in open 
areas of soft sediment substrates.  On retrieval, the contents were washed from the net into a tray for 
examination for target species.   

 

4.4.7 Beam trawls 
A beam trawl (2000 mm x 600 mm mouth size; 120 mm mesh) was used to collect sessile and motile 
epibenthic fish and invertebrates from soft substrates.  The contents of the cod-end was emptied into trays 
and assessed for target species.   
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At the Charlie 7 channel marker sub-location, the beam trawl net was snagged on hard substrates which 
resulted in significant damage to the net.  At each sub-location the field team considered whether further 
damage may be sustained to the net based on the potential for coastal debris in the area.  Consequently, the 
epibenthic dredge was used in the place of the beam trawl for any remaining sampling sites (Spot On Marine 
at Ludmilla Creek, IFFV 2, IFFV 3, Fannie Bay moorings, Hudson Creek, East Arm wharf and Wickham Point 
wharf).   

 

4.4.8 Traps 
Opera house traps were used to sample for target crab species.  These oval-shaped collapsible traps were 
640 mm x 470 mm and 200 mm in height, with a mesh size of approximately 20 mm.  This type of trap was 
chosen because it had a small mesh suitable for retaining the target species.  The traps were submerged 
overnight to allow sufficient time for mobile epifauna to detect the bait and enter the trap.  On retrieval, 
specimens of particular interest were retained for taxonomic identification. 

 

4.5 Sample Processing 
Samples were examined, sorted and packaged for transfer to taxonomic specialists by Golder Associates’ 
field scientists.  Samples were labelled with a unique identifier as described in the manual (DAFF 2010b), 
which included identifiers for the survey (7 characters), the site (4 characters), the method (2 characters) and 
a specimen number (2 characters).   

For example, for a specimen collected by beam trawl at Perkins Shipping in Darwin Harbour during the dry 
season survey in August 2010, the label would be DRW1008PKSH01.  Specimens were also labelled with a 
taxon code (i.e., CR for crustacean, PO for polychaete) to assist when packaging samples for the various 
specialists.  Specimens were sent to taxonomic experts for identification within 24 hours of the completion of 
each survey. 

 

 

5.0 MONITORING RESULTS 
5.1 Sampling Activities 
5.1.1 Post-wet season survey 
The post-wet season survey of the marine pest monitoring programme was carried out during 18-23 April 
2010 and included sampling at the four locked marinas.  The sampling schedule for the post-wet season 
survey is presented in Table 3 and descriptions of the sampling activities carried out at each sub-location are 
presented in the interim report for the post-west season survey (Golder Associates 2010b).  A full list and 
maps of the samples collected during the post-wet season survey are presented in Appendix B. 

The full complement of samples was collected as indicated by the survey design (GHD 2009), with the 
exception of one plankton net tow which was not completed at Frances Bay Mooring Basin.  This tow was 
not completed as the water surface in the designated area was covered with a thick layer of oil and other 
pollutants, which would likely have made the plankton net unusable.  Consequently, divers searched for 
comb jellies during the underwater visual examinations. 
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Table 3: Sampling schedule for the Darwin Harbour marine pest monitoring surveys for 2010. 

Sampling Sub-Location 
Post-Wet Season Survey Dry Season Survey 

Sampling Date Observation System Method Sampling Date Observation System Method 

Bayview Marina 20 April Diver searches, cores, traps, plankton 
tows, dredge transect, walk transect 

26 August Diver searches, traps, dredge transect, 
plankton tows, cores, walk transect   

Bravo 2 and Charlie 7 channel 
markers 

No sampling  30 August Dredge transects, beam trawl transects 

Cullen Bay Marina 18 April Plankton tows, dredge transect 24 August Diver searches, cores, traps, plankton 
tows, dredge transect, walk transect   

19 April Diver searches, cores, traps, walk 
transects 

9 September Walk transect 

23 April Walk transect   
Outer Cullen Bay and pontoon No sampling  20 August Diver searches, plankton tow, dredge 

transect, walk transects 
Darwin Sailing Club 
 

No sampling  20 August Diver searches, traps, plankton tow, 
dredge transects   

29 August Walk transects   
East Arm Wharf No sampling  30 August Plankton tows  

31 August Dredge transects, walk transect   
1 September Diver searches, core 

Fort Hill Wharf No sampling  22 August Diver searches, plankton tows, walk 
transects, trap, dredge transect  

23 August Beam trawl transect   
Frances Bay Mooring Basin 18 April Diver searches, cores, traps, plankton 

tows, dredge transect, walk transects 
25 August Diver searches, traps, plankton tows, 

dredge transect, cores, walk transects  
Frances Bay outer moorings No sampling  25 August Walk transects, dredge transect, beam 

trawl transect  
Fannie Bay moorings No sampling  31 August Dredge transects, plankton tow 

29 August Walk transects 
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Sampling Sub-Location 
Post-Wet Season Survey Dry Season Survey 

Sampling Date Observation System Method Sampling Date Observation System Method 

3 September Walk transects 
HMAS Coonawarra navy basin No sampling  23 August Diver searches, plankton tows, walk 

transect, trap, dredge transect, beam 
trawl.   

Hudson Creek No sampling  31 August Dredge transects, cores, walk transects   
30 August Plankton tow  

IFFV 2 and IFFV 3 (Illegal Foreign 
Fishing Vessel moorings) 

No sampling  31 August Dredge transects 

Perkins Shipping berth, slipway and 
foreshore 

No sampling  21 August Diver search, plankton tows, walk 
transects, dredge transects, beam trawl 
transects, trap 

23 August Quadrat scrapes 
Sadgroves Creek No sampling  25 August Dredge transect, beam trawl transect, 

cores, walk transects  
Spot On Marine, Ludmilla Creek No sampling  31 August Dredge transect, walk transects 
Stokes Hill Wharf No sampling  21 August Diver searches, plankton tows, walk 

transects, traps, beam trawl transect   
Tipperary Waters Marina 20 April Diver searches, plankton tows 30 August Diver searches, traps, plankton tows   

21 April Traps   
Weed Reef No sampling  19 August Diver searches, plankton tow 

22 August Walk transects 
Wickham Point wharf No sampling  6 September Diver search, dredge transect, plankton 

tow, trap, walk transects   
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At the Frances Bay mooring basin, some of the sampling sites were altered owing to logistical constraints on 
the day of the survey.  Berthed vessels obstructed the deployment of traps in some areas; therefore traps 
were re-located and set in nearby sites.  The walk transects designated for the southern side of the marina 
lock entrance was difficult to access due to berthed vessels and this area had no obvious fauna or flora 
attached during a limited inspection of the vertical concrete edge of the wharf.  As an alternative beach walk, 
the rocky edge of the marina to the north of the lock was examined (Figure B1 in Appendix B).  These 
relocated sampling areas were re-sampled during the dry season survey in August. 

 

5.1.2 Dry season survey 
The dry season survey of the marine pest monitoring programme was carried out during 19 August to 
6 September 2010 and included all 22 sub-locations listed in Section 3.1.  The sampling schedule for the dry 
season survey is presented in Table 3 and descriptions of the sampling activities carried out at each sub-
location are presented in the interim report for the dry season survey (Golder Associates 2010c).  A full list 
and maps of the samples collected during the dry season survey are presented in Appendix B. 

The full complement of samples was collected as set out in the survey design (GHD 2009).  The only 
alteration to sampling sites was at the Frances Bay mooring basin where some traps and a walk transect 
were relocated to maintain consistency with the changes made to the sampling design during the post-wet 
season survey (Section 5.1.1).  In addition, some OSMs were replaced with alternative OSMs to better suit 
the conditions at sub-locations on the day of sampling and to ensure good quality samples were obtained.  
These alterations included: 

 Diver visual searches were carried out in the place of walk transects at Weed Reef as the area was 
submerged at the time of sampling. 

 Diver visual searches were carried out to cover the area of an epibenthic dredge tow in the vicinity of 
Number 5 berth at Perkins Shipping yard as the dredge became easily clogged with gravel substrates. 

 Epibenthic dredge tows were undertaken in place of beam trawl transects as the trawl net was snagged 
during deployment at the Charlie 7 channel marker resulting in significant damage that rendered the net 
unusable. 

   

5.2 Marine Pest Identification 
The marine species identified from specimens collected during the Darwin Harbour monitoring surveys in 
2010 are presented in Appendix C.  Two species were identified from the list of 28 target marine pests as 
determined by the survey design; however several matters should be taken into account when considering 
the level of threat posed by these species.   

Crassostrea gigas (Pacific oyster) was found during a walk transect at Perkins Shipping yard during the dry 
season survey.  The specimen consisted of one large valve with no viable tissue material.  This shell is more 
than likely to have been a discarded shell from oysters imported and purchased for human consumption  
(R. Willan pers. comm.).  This detection cannot be confirmed as an indication of this species living in Darwin 
Harbour. 

Caulerpa racemosa var. lamourouxii (green alga) was found during the dry season survey at the following 
sites: 

 Fort Hill wharf on 22 August 2010 during a diver visual transect along the outer side of the roll-on roll-off 
facility (Dive Transect DV5).  Two specimens were identified from this sub-location. 

 Weed Reef on 19 August 2010 during a diver visual transect in the north-western corner of the reef 
(Dive Transect DV1).  One specimen was identified from this sub-location. 
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Caulerpa racemosa var. lamourouxii is native and common in tropical and warm temperate seas and has 
been recorded from the Red Sea, Indonesia, Kenya, Mozambique and Tanzania as well as warmer waters in 
Australia (Huisman 2000; Phillips et al. 1999).  Caulerpa racemosa, including var. lamourouxii, has been 
previously recorded during marine studies conducted in Darwin Harbour (Renaud & Loung-Van 2006; 
Wynne & Loung-Van 1997).  The type variety of Caulerpa racemosa (var. racemosa) has been shown to be 
invasive in the Mediterranean, but no instances of invasive tendencies for C. racemosa var. lamourouxii are 
known (pers. comm. Alan Millar, November 2010).  The only Caulerpa species to show invasive tendencies 
in Australia is Caulerpa taxifolia that was introduced to New South Wales and South Australian waters and 
C. racemosa when introduced into South Australian waters (‘Identifying Caulerpas in South Australian 
Waters’; www.pir.sa.gov.au).  Thus, the variety collected during the monitoring surveys in 2010, C. racemosa 
var. lamourouxii was not considered to be of significant concern and the preparation of a suspected incursion 
report was not necessary. 

A further species was identified during both the post-wet and dry season surveys as a population that was 
displaying potentially invasive characteristics.  The serpulid tubeworm Hydroides sanctaecrucis was found in 
relatively high abundance at Bayview and Cullen Bay Marinas where it appeared to be responsible for 
eroding the plastic flotation material on the underside of marina pontoon and piers.  This species is native to 
the Caribbean and was reported from northern Australia for the first time only recently (Lewis et al. 2006).  
Hydroides sanctaecrucis was identified after heavy fouling and unusual biofouling was noted on vessel hulls 
in Cairns, northern Queensland (Lewis et al. 2006).  This species has also been noted on settlement plates 
deployed inside Darwin marinas (but rarely outside marinas) since approximately 2002, often alongside 
Hydroides elegans which appears to be the dominant species (pers. comm. Helen Cribb, December 2010).  
However, this species was not included in the target list for marine pest species as part of this survey.  It is 
recommended that further consideration could be made on the potential risks posed by Hydroides 
sanctaecrucis to determine the benefit of monitoring the behaviour or spread of this species. 

 

 

6.0 STAKEHOLDER AND COMMUNITY AWARENESS 
6.1 Overview 
Experience worldwide has shown that public participation in pest management programmes can be 
extremely beneficial.  For example, local fishermen made the first reports of the non-native paddle crab 
species Charybdis japonica in north-eastern New Zealand (Browne & Jones 2006; Webber 2001), and the 
Tasmanian community is widely involved in management of the North Pacific seastar Asterias amurensis 
(Aquenal 2008).  Therefore, the focus of the stakeholder consultation and community awareness component 
of the marine pest monitoring programme was to enhance public knowledge of the aims, methodology and 
goals of the Department of Resources’ marine pest monitoring efforts in Darwin.  This approach had two 
main goals: promoting general knowledge of marine biosecurity, and encouraging interested parties in 
becoming involved in aspects of the field operations of the monitoring surveys.   

 

6.2 Stakeholder Liaison 
Awareness amongst stakeholders holding administrative rights over the coastal area within Darwin was 
facilitated through letters and meetings with key groups as well as invitations to attend public information 
sessions and encouragement to become involved in field activities.  The stakeholder partners and 
community members that were consulted throughout the implementation of the programme are presented in 
Table 4.  Consultation with stakeholder partners was initiated during the development of the Implementation 
Plan (Golder Associates 2010a) primarily to request permission to carry out sampling activities within their 
coastal and marine administrative boundaries.  Liaison with stakeholders continued throughout the 
monitoring programme to ensure that all were kept well-informed of the field team’s activities and that 
matters such as changes in access to sampling sites would not prevent the sampling programme from 
proceeding within the anticipated timeframe. 
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Table 4: Stakeholder partners and community members consulted for the marine pest monitoring 
surveys in Darwin Harbour for 2010. 
Organisation Representative Position 

Australian Fisheries Management 
Authority (AFMA) 

John Davis Manager, Southern Compliance 
Operations  
Foreign Compliance Operations 
Darwin 

Australian Quarantine and Inspection 
Service, Northern Region (AQIS) 

Kevin Langham 
 
Robert Langlands 
 
Liz Regeling 

Assistant regional Manager, 
Quarantine 
Regional Manager, Northern Region, 
Biosecurity Services Group 
Technical Manager Cargo 

Bayview Marina Phil Doyle 
Trevor Parsons 

Marina Manager  
Lockmaster  

ConocoPhillips Australia Pty Ltd Norman Scott Environmental Specialist 
Cullen Bay Marina Management 
Corporation 

Robbie Standaloft General Manager 

Darwin Port Corporation Terry O’Connor 
John Ellyett 

General Manager Landside 
Operations 
General Manager Marine Services 

Darwin Sailing Club David Omnes Sailing Manager 
Department of Defence - Navy  
HMAS Coonawarra 

LCDR David Plummer Port Services Manager 

Department of Defence  
Defence Support Group 

Adam Taylor 
Robyn Maurer 

Environment Officer 
Senior Environment Officer 

Larrakia Land and Marine Rangers Cos Tambling Coordinator 
Museum and Art Gallery of the 
Northern Territory (MAGNT) 

Dr Richard Willan Senior Curator, Molluscs 
Editor, Academic Publications 

Perkins Shipping Helen Coulson 
Anthony Morphett 

Environmental Advisor 
HSE Advisor 

Shorelands Group Pty Ltd 
ShoreBarge 

Andrew Steele 
Shane Hunniford 

Client Services Manager 
Barge Operations Coordinator 

Sitebark  Iskandar Himawan Proprietor of the ShoreBarge site at 
Hudson Creek 

Tipperary Waters Keith Pennicott Lockmaster 
 

The liaison process included on-going phone, email and letter correspondence as well as onsite meetings 
immediately prior to the surveys, with marina operators, other coastal administrators such as 
ConoccoPhillips and Perkins Shipping, the harbourmaster, and Department of Defence representatives.   

In addition to on-going consultation, one-on-one meetings were conducted between Golder Associates’ 
senior marine scientists and stakeholder partners prior to the first survey in April 2010.  The main intention of 
these meetings was to provide detailed information on the purpose of the marine pest monitoring programme 
and to discuss the sampling plan that would be carried out within their jurisdiction.  The meetings were also 
aimed at providing stakeholders with an opportunity to ask about or discuss any matters relating to marine 
biosecurity in the Northern Territory or Australia-wide, with the view that this would enable stakeholders to 
gain further appreciation of the risks posed by marine biosecurity and how to manage marine pest issues.  
This information would also be used to develop further information sessions and as a means to encourage 
volunteer involvement in the field surveys.  Based on information gathered during liaison with stakeholder 
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partners, it was considered that this group of participants had a sound understanding of the purpose and 
scope of the marine pest monitoring surveys.   

The discussions also provided an opportunity for the field survey team to gain any further environmental or 
logistical information that would be beneficial when implementing the survey, and to further discuss matters 
such as site access and health and safety matters as required in addition to the information acquired during 
the development of the Implementation Plan (Golder Associates 2010a). 

 

6.3 Promotion 
General awareness of the programme was facilitated through a combination of press releases and 
advertisements in the local media and public information sessions, with the intention of inviting interested 
parties to participate in onsite instruction for the detection of marine pests and inclusion in sample collection 
during the survey. 

The following elements were included in promoting the marine pest surveys amongst the wider Darwin 
community: 

 Development and publication of advertising material to increase awareness of the monitoring 
programme throughout Darwin. 

 Public information sessions in conjunction with MAGNT to provide an overview of the monitoring 
programme and encourage community involvement in field operations. 

 One-on-one meeting with the Larrakia Land and Marine Rangers group prior to implementation of the 
surveys to provide information on marine biosecurity matters in the Northern Territory and to encourage 
involvement in the monitoring operations. 

 Preparation of a Community Marine Pest Detection brochure which was made available during the 
information sessions and intended to be given to volunteers who assisted with the field surveys. 

 Development of a field guide intended to be provided as a reference for volunteer fieldworkers to the 
sampling methods and species targeted during the survey.  (This guide was also used as a reference 
for the commercial dive team under supervision of Golder’s scientific diver). 

 Preparation and distribution of a community newsletter to provide feedback to stakeholders and other 
interested community members on the outcomes of the project.   

Two public information sessions were held during the dry season survey in collaboration with staff from 
MAGNT and the Fisheries group from the Department of Resources.  The focus of this component of the 
community awareness plan was to inform the general public of the problems associated with marine pests. 
More specifically, the aim was to provide information on project activities, highlight risks associated with 
marine pest incursion, and to encourage volunteer personnel for participation in field work.  Invitations were 
sent to all stakeholder partners as well as distributed to the public through marina operators and advertised 
in local newspapers.  Attendance at the presentations was low but included representatives from stakeholder 
organisations (i.e., ConoccoPhillips), other museum staff and a small number from the local community.  
There was no interest from community members in participating in practical demonstrations for marine pest 
detection during the field surveys.    

Feedback to the community is important for promoting effective longer term engagement in marine pest 
detection and management.  To this effect, a community newsletter provided feedback on the outcomes of 
the project to stakeholder partners and other interested community members.  The main components of the 
newsletter included an overview and the context of the surveys within the National System, basic outlines of 
the sampling methods and targeted marine pest species, the participants in implementing the surveys, and 
an outline of the findings from the survey.  The community newsletter also presented information on further 
NT Government initiatives and actions. 
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7.0 RECOMMENDATIONS 
7.1 Overview 
The monitoring manual calls for evaluation of the survey design and other components of the National 
System tools (Section 6 in DAFF, 2010b).  On review of the Darwin Harbour marine pest monitoring surveys, 
there are some areas of the process that could be improved for future marine pest surveillance.  These 
matters are highlighted in the following sections. 

 

7.2 Survey Design and Implementation  
The Darwin Harbour marine pest monitoring programme was successfully implemented during the wet and 
dry seasons in 2010.  The majority of the sampling plan was able to be completed as set out in the survey 
design (GHD 2009) and, overall, the survey design for this monitoring programme was practicable and 
straightforward to implement.  Where sampling methods could not be carried out as designated, the 
sampling effort was maintained by using alternate OSMs or relocating the sampling site to a more suitable 
area within the same sub-location.  These changes have been discussed in detail in Section 4.4 of this report 
and in interim reports (Golder Associates 2010b, c).   

The survey design was successful in that it enabled the detection of pest species that were most likely to be 
present during the surveys (i.e., Caulerpa racemosa) as well as other potentially invasive marine populations 
(i.e., Hydroides sanctaecrucis).  This suggests that the survey design and implementation was sufficient in 
ensuring the marine pest monitoring programme met the objectives developed by the Department of 
Resources (as presented in Section 1.1).  The survey design covered an adequate range of sub-locations 
and sites using a suitable set of detection techniques, as determined using the MDET tool.  

However, while the survey design report for the Darwin Harbour monitoring programme provided a high level 
of detailed information and justification for the choices made in selecting sites and species (GHD 2009), it 
was noted during implementation of the survey that a specific section presenting the finalised sampling 
design would have been beneficial to the ensure that all timeframes, sampling sites and methods were easily 
referenced.  This information was provided in the site maps included as an appendix to the survey design 
report and throughout the report itself; however a summary of the information in tabulated form would have 
helped to confirm that all sampling points had been properly interpreted from the site maps.  It is 
recommended that the monitoring manual allows for the inclusion of a section for the finalised sampling plan 
in the instructions for survey design reporting.  This section could include:  

 Timing and the components of each surveys, especially if sampling plans vary between surveys. 

 Summary of locations or sub-locations and sampling sites. 

 Overview of the detection methods and number of samples or replicates required at each of the sub-
locations/sites.   

 Identification of site/replicate number (e.g., Dive Transect 1 to 8, Dinoflagellate Sample Site 1 to 3).  
This would also assist in pairing latitude and longitude coordinates with the sampling sites identified in 
the site maps. 

The survey design included sample collection during both the wet and dry seasons to allow for changing 
environmental conditions within the locked marinas.  There is merit in sampling with such frequency for the 
early detection of pest populations, particularly those that can change markedly within a short period of time 
(e.g., the sudden appearance of black-striped mussel in Cullen Bay Marina within 6 months between the two 
initial baseline surveys).  However, it was noted that the changes in environmental conditions resulted from 
increased input of freshwater into marina basins which typically creates an environment that is not  
well-suited to the establishment or growth of most marine populations during the wet season.  In some 
marinas, such as Tipperary Waters Marina, the divers noted that the marine biofouling populations 
throughout the area had largely perished and there appeared to be a cycle of recolonisation during the dry 
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season.  Alternatively, it can be argued that this feature presents an opportunity for population establishment 
of introduced species with much greater environmental tolerance during a time when competition with other 
native species is minimal.  Therefore, further consideration should be given to the benefit of continuing to 
monitor for marine pests in locked marinas during the wet season.  

In discussion with marina operators and lockmasters, it was noted that the marinas had a variety of systems 
for expelling water to maintain constant water levels and that in some cases the stratified freshwater layer 
was released with the outflow while other systems released the denser seawater from the deeper zone of the 
basin (e.g., Tipperary Waters Marina).  This phenomenon may mean that some of the marinas could be 
removed from the post-wet season survey plan; particularly those that retain a greater amount of freshwater 
which provides an environment at the extreme of marine species tolerance.  Water quality data (including 
temperature and salinity) has been recorded on a monthly basis for over a decade in Darwin’s marinas, with 
the results indicting that stratification occurs in all marina’s with the exception of Bayview Marina (Cribb et al. 
2010).  Further discussion with marina operators on the mechanisms for flushing the marina basins may 
assist in determining whether sampling during the wet season is required.  Overall, the survey results appear 
to agree with the findings of encrusting communities on settlements deployed by NT Fisheries as an 
alternative marine pest monitoring method in Darwin’s marinas (pers. comm. Helen Cribb, December 2010), 
thus separate post-wet season surveillance surveys may not be necessary if the settlement plate method is 
considered to be sufficient for the timely detection of marine pests in marinas during the period between 
monitoring surveys. 

With regard to the target pest species chosen during the survey design process, it was noted that a relatively 
high proportion of those listed were temperate species which are less likely to establish within the tropical 
environment of Darwin Harbour.  This is largely the result of the data input, filters and outputs of the MDET 
which matched marine pest species and methodology to the environmental data provided for Darwin 
Harbour.  Therefore, the target species list was developed based on the information available at the time of 
the survey design.  For future monitoring events, it would be beneficial to confirm that all pest species should 
remain on the target list.  It is recommended to undertake further consultation with taxonomic experts to re-
examine the selected species, to reconfirm the likelihood of establishing populations in Darwin and 
determine the level of biosecurity risk posed by these potential pests.  It would also be beneficial to examine 
whether additional species should be added to the target list, as suggested previously for Hydroides 
sanctaecrucis.  These considerations could also be addressed when the MDP next reviews the MDET.  
Although, as many of the known marine pests in Australia are temperate species, there is some value in 
retaining these species within the list as a precautionary approach.  This approach could reduce the risk of 
spreading a small pest population that has been able to tolerate the extreme conditions of Darwin’s tropical 
environment into temperate parts the coastline (i.e., through domestic vessel movements) where it may 
flourish in the cooler waters within its preferred habitat range.   

 

7.3 Sampling Methods 
Marine pest monitoring methods were based on the OSM techniques described in the manual 
(DAFF 2010b).  Some changes were made to sampling methods based on recommendations suggested by 
marine science experts and from the field team’s previous experience in marine biosecurity sampling 
methods.  The changes to sampling methods included: 

 Small hand-held cores were used by the divers to sample seafloor sediments for dinoflagellate cysts, in 
place of a larger grab sampler at most sites.   

 Divers visually searched for comb jellies (Beroe ovate, Mnemiopsis leidyi) during underwater 
inspections as advice from a ctenophore expert suggested that these species may break apart easily on 
first contact with the plankton net.   

 Walk transect methodology was occasionally altered owing to tidal movements and logistical constraints 
on the day of the survey and were replaced with diver search transects as the area was submerged 
during the time of sampling.   
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 Walk transects along steep rock revetments and wharf pilings were carried out from a small boat.  
Some walk transects were replaced by diver visual transects where tides and currents were 
appropriate. 

 The epibenthic dredge was used at some sub-locations in place of the beam trawl as the trawl net 
sustained a significant rip during sampling at the Charlie 7 channel marker.  Many sites were generally 
considered by the field team to have a relatively high potential for snagging on marine debris, which 
warranted using the epibenthic dredge in place of the beam trawl.   

These alterations in methodology enabled the sampling effort to remain as determined by the survey design.  
It is recommended that for future monitoring programmes that further consideration be given to the practical 
application of some sampling methods at the various sites based on the changes described above.  For 
instance, it proved to be difficult to deploy a beam trawl at locations where there was a substantial amount of 
seafloor debris on which the net could be caught, however a smaller, more robust epibenthic dredge was 
easily deployed to sample the seafloor in a similar manner to the beam trawl.  During the development of the 
survey design it was noted that the pre-determined choices for sampling for planktonic species were limited, 
thus the option for visually search of comb jellies could be considered for inclusion into the design template 
tools.  Likewise, alternative methods such as the use of small cores could be included as additional or 
alternative methods in the MDET process.  However, overall the OSMs were easily carried out at most sites 
and equipment was typically available through commercial retailers or from organisations such as museums 
or universities.   

   

7.4 National System Tools 
The monitoring manual (DAFF 2010b) and guidelines (DAFF 2010a) were generally useful documents that 
provided suitable instruction on the purpose and processes of the National System.  Nevertheless, there are 
some parts of these documents that could be altered to improve clarification of the instructions provided and 
intention of the requirements.  

Primarily, it would be beneficial if the terminology used was consistent throughout the manual and support 
tools (i.e., the monitoring design package (MDP)).  For instance, reference to sampling areas included terms 
such as location, sub-location and site in the second section of the manual, while the sample labelling 
requirements in the fourth section refers to site location or site ID, and furthermore the Monitoring Data Input 
Sheet provided in the MDP refers to location, sub-region or site code.   

With regard to reporting requirements, it would also be beneficial to include an indication of the expected 
table of contents or document layout to ensure that reports are presented in a manner that is consistent and 
acceptable to the MCP.  This recommendation would also allow for the inclusion of an additional section into 
survey design reports to cover the finalised sampling plan (as discussed above). 

 

 

8.0 SUMMARY 
The Northern Territory Government has implemented the first targeted marine pest monitoring programme in 
Darwin Harbour as part of the National System with the aim of detecting new incursions of marine pest 
species.  Field surveys were carried out at 22 sub-locations within the harbour using methods designed for 
detecting a suite of 28 marine pest species.  The first survey at the end of the wet season (post-wet survey) 
was carried out in April 2010 and involved sampling at the four locked marinas only.  The survey carried out 
during the dry season in August-September 2010 involved the full complement of all 22 sub-locations 
throughout the wider harbour, including re-sampling at the locked marinas.   

Two species were identified from the list of 28 target marine pests; however several matters should be taken 
into account when considering the level of threat posed by these species.  Crassostrea gigas was found 
during a walk transect at Perkins Shipping yard during the dry season survey.  However, the large valve that 
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was found is more likely to have been a discarded shell from oysters imported and purchased for human 
consumption and the detection cannot be confirmed as an indication of this species living in Darwin Harbour.  
Caulerpa racemosa var. lamourouxii was found during the dry season survey at two sites; however this 
variant of the target species is native and common in tropical and warm temperate seas and has been 
recorded from warmer waters in Australia including Darwin Harbour.  Therefore, this alga is not considered to 
be of significant concern with regard to marine pest management.   

A further species was identified during both surveys as a population that was displaying potentially invasive 
characteristics.  The tubeworm Hydroides sanctaecrucis was found in relatively high abundance at Bayview 
and Cullen Bay Marinas where it appeared to be responsible for eroding the plastic flotation material on the 
underside of marina pontoon and piers.  This species was not included in the target list for marine pest 
species as part of this survey, although it is recommended that further consideration could be made with 
regard to the potential risks posed by such a prolific fouling population. 

The full complement of samples was collected during the post-wet season and dry season surveys, with the 
exception of one plankton net tow which was not completed at Frances Bay Mooring Basin (although divers 
searched for comb jellies during the underwater visual examinations as an alternative method).  Sampling 
sites were also altered at Frances Bay Mooring Basin owing to logistical constraints on the day during the 
post-wet season survey.  These relocated sampling areas were noted for re-sampling during the dry season 
survey.  Some observation system methods were adapted to better suit the conditions at sub-locations and 
to ensure good quality samples were obtained; nevertheless sampling effort was maintained as determined 
by the survey design.  Alterations to sampling methods included carrying out diver visual searches in the 
place of walk transects or epibenthic dredge tows, and the deployment of an epibenthic dredge in the place 
of the beam trawl.  These alterations have been put forward for consideration during planning or re-design of 
future monitoring programmes or consideration during the review of the MDET.  Additional amendments to 
the survey design and monitoring manual documentation are recommended to ensure a consistent approach 
to reporting and ease of implementing field operations. 
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