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2 Executive summary 
This project was a continuation of the ACIAR-funded scoping study Development of capacity for 
aquaculture of indigenous fish species in Papua New Guinea. The project aim was to assist 
inland aquaculture development in Papua New Guinea (PNG) and Australia in an 
environmentally and cultural sensitive manner. Aquaculture has been identified for its potential 
to provide dietary protein for PNG people. The PNG National Fisheries Authority (NFA) in 
conjunction with the PNG project partners, Ok Tedi Mining Limited (OTML) and the Western 
Province government, identified the potential of native fish species for aquaculture. Developing 
farming systems built on herbivorous fish to negate the need for expensive feeds, and avoiding 
exotic species that may cause deleterious ecosystem impacts, were the aims of this research. 
Native fish species are a favoured food of inland people in the Western Province / Ok Tedi 
region because of their cultural significance (Smith 2000). As there are 35 species of freshwater 
fish common to northern Queensland and the PNG Western Province, the knowledge and 
experience in the biology and culture of these species among staff of the Department of Primary 
Industries and Fisheries (DPI&F)1

Water availability and quality of the discharge water required to meet environmental standards 
are limiting factors to aquaculture development. Recycling of water through aquatic plants back 
to fish ponds can reduce the volume of water required to operate, and remove the nutrients 
prior to discharge to natural waterways. Water re-use will allow legislative compliance and can 
lead to greater profitability. Although barramundi were used as the culture species in the trials, 
the culture systems used would allow other species to be cultured. The aquatic plants used are 
common to PNG and Australia, allowing the technology to be transferred to other culture 
species in both countries. 

 could be transferred to PNG. 

Objectives of the project were to: 

• Develop robust hatchery and grow-out technologies for native fish species (including 
barramundi) for sustainable aquaculture development in Queensland and PNG. 

• Evaluate the potential of pond-based freshwater crustacean culture in PNG and 
Queensland, building on technologies already developed in Queensland for these species. 

• To assess the acceptance by farmers of new species/techniques and to develop appropriate 
husbandry packages. 

Following a mid-term review of the project, some of the objectives were either modified or 
ceased. As DEEDI closed its Walkamin freshwater aquaculture centre with loss of critical staff, 
and OTDF was undergoing a restructure, ACIAR decided to terminate the project in December 
2009, 18 months before the scheduled completion date. 

With assistance from ACIAR to supply specialist aquaculture equipment, OTML constructed a 
functional aquaculture facility complete with hatchery and six ponds. Western Province 
government constructed six ponds as well, and although constructed a hatchery building it was 
not operational. Water and power supplies were required to be connected to make the hatchery 
functional. Confidence and capacity building to operate the facilities was achieved by periodic 
visits by DEEDI staff to PNG and visits to DEEDI facilities in Australia by the PNG staff. These 
visits to Australia allowed the PNG staff to participate in and view the farming practices that 
were to be developed in PNG. Technologies to breed various species of fish were demonstrated 
and applied in PNG for the following species: Fly River herring (Nematalosa papuensis), sleepy 
cod (Oxyeleotris selheimi), eel-tailed catfish (Neosilurus ater) and sooty grunter (Hephaestus 
fuliginosus) were all bred. 

                                                
1 Since this study the department has been restructured and renamed the Department of Employment Economic 
Development and Innovation (DEEDI). 
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Investigation into plant-based treatment systems to remediate barramundi pond water was 
carried out using two different plants, duckweed (Spirodela punctata and Wolffia angusta) and 
lotus (Nelumbo nucifera). Water savings of 22% and 62% were achieved with duckweed and 
lotus, respectively, in the trials. Nutrient removal by the aquatic plants of 45% (NH3

Successful trials were carried out in Australia by James Cook University into culture of 
Macrobrachium rosenbergii. The research demonstrated successful techniques for breeding 
and larval rearing. The life cycle was completely closed using hatchery-bred broodstock. Due to 
difficulties experienced in PNG, crayfish could not be cultured in PNG during the period of this 
project. The mid-term review recommended that all Macrobrachium work be discontinued as the 
review team considered the objectives too ambitious. The review team recommended that 
resources be concentrated on overcoming the problems experienced in culturing crayfish. 

-N), 35% 
(total nitrogen), 19% (total phosphate) and 32% (total suspended solids) were achieved. Growth 
rates of the fish were not effected by water re-use. 

Five farmers were provided with training in sleepy cod culture and their farms stocked with this 
species. Results were not encouraging because of poor site selection of the farmers’ ponds and 
stocking with fodder fish(Fly River herring) had not taken place. The project was terminated 
before these factors could be addressed. Two farms were stocked with herring, but again, no 
data could be collected from these farms before the project was terminated. 

This project was aiming to create an industry where none existed previously. Results showed 
real potential of native fish aquaculture with minimal inputs, but further work is required to 
realise its full potential. The restructured section of OTML, renamed Ok Tedi Fly River 
Development Program (OTFRDP) and Western Province government have demonstrated a 
willingness to see this work succeed and are continuing to work on the aquaculture of native 
fish after the termination of this ACIAR project. 

 

 

Glossary of Acronyms 
ACIAR Australian Centre for International Agriculture Research 

DEEDI Queensland Department of Employment Economic Development and Innovation 

DPI&F Queensland Department of Primary Industries and Fisheries 

JCU James Cook University 

LARDEC Lowlands Aquaculture Research, Development & Extension Centre 

MARFU Marine and Aquaculture Research Facilities Research Unit 

NFA National Fisheries Authority 

OTFRDP Ok Tedi Fly River Development Program 

OTDF Ok Tedi Development Foundation 

OTML Ok Tedi Mining Limited 

PNG  Papua New Guinea 
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3 Background 
PNG component 
Malnutrition of the Papua New Guinea (PNG) people in rural areas is widespread (Bourke et al. 
2000). Consistent with this an earlier ACIAR project on inland aquaculture in PNG (Smith 2007) 
identified that malnutrition is a major problem in the Eastern Highlands Province.  

Fish farming in PNG has a long history, with reports of more than 25 fish introductions into PNG 
starting in 1949 (Smith 2007). Most interest in aquaculture has been with exotic species, 
although Haines (1979) and Smith (2000) suggest indigenous species as having potential for 
aquaculture in PNG. Interest in fish farming is strong, with 11 000 fish farms reported in inland 
PNG (Smith 2007). The PNG people are embracing fish farming as a source of protein in their 
diets, as well as a source of income (Smith 2007).  

The development of mining in the highlands, rapid population growth (or demographic shifts) 
and a history of protein deficiency, have led to food insecurity as an important issue.  

Ok Tedi Mining Limited (OTML) is scheduled to cease its mining activities in the Western 
Province (WP) in 2013, although exploration is being carried out to extend the mine life if 
possible. As part of the mine closure program and its moral obligation to the affected people, 
OTML, by funding the Ok Tedi Development Foundation (OTDF), has created a Rural 
Development Section within OTDF, the aim of which is to help the local people sustain 
themselves once the employment and economic activity generated by the mine abates with the 
mine closure. Projects undertaken by OTDF Rural Development section include rice, vanilla 
bean, rubber, poultry, forestry and a pilot study on cage culture of barramundi. 

Fish farming is relatively new to Western Province, where there has been little exposure to non-
native aquaculture species, such as carp and tilapia, that are grown elsewhere in PNG. The 
deleterious effect of the spread of some exotic species, such as the climbing perch (Anabas 
testudineus) from West Papua has been observed in the Fly River by PNG authorities. Allen 
(2008) states “Contrary to popular opinion, the biggest threat facing the native freshwater fish 
fauna of Papua New Guinea is neither mining nor logging, but rather the uncontrolled 
introduction and spread of introduced fishes”. Government officials from both the Western 
Province government and NFA, along with OTDF researchers, identified local native fish 
species as having potential for aquaculture. Native species have the advantage of being well-
adapted to the local conditions, and are familiar to the local people, who have a traditional 
connection with native species (Smith 2000). 

Prior to this project, an ACIAR-funded scoping study Development of capacity for aquaculture of 
indigenous fish species in Papua New Guinea  (C2003/149) (Herbert 2006) into the potential for 
aquaculture of native fish species was undertaken in collaboration with OTDF as the in-country 
partner. Dr. Brett Herbert from DPI&F and Mr. Boga Figa from OTDF undertook this scoping 
study. This project continued on from the work of the scoping study. 

There are 35 native freshwater fish species common to both the Fly River and northern 
Queensland (Allen et al. 2008). The knowledge gained in Australia of breeding these species 
could be transferred to PNG by DEEDI researchers. The scoping study demonstrated the 
potential of native fish aquaculture, and the potential for a successful partnership between PNG 
and Australian agencies. 

OTDF had already committed resources to aquaculture, with trials on barramundi cage culture 
in the Fly River as well as trout stocking in the highlands. OTDF was well positioned to partner 
with ACIAR to develop aquaculture in PNG as OTDF has the staff and logistics in place to 
benefit from expert assistance. The scoping study was a pioneering project, with ACIAR 
partnering with a private company rather than government agencies. This initial aquaculture 
project has been followed by other ACIAR/OTDF projects including forestry and poultry feeds. 
This project also linked directly into the aims and aspirations of PNG government agencies. 
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NFA and the Western Province government had already recognised the potential of native 
species for aquaculture and become project partners, and committed resources to the work. 

The Western Province is very remote with no road connection to the rest of the country. Basic 
fish feed ingredients such as copra meal, fish meal and rice bran, which are available in other 
areas of the country, are not generally available. Often farmers do not have the resources to 
purchase feeds even when available. The approach of this project was to grow primary 
consumers (herbivores), such as herring (Nematalosa papuensis) and redclaw crayfish (Cherax 
quadricarinatus), for human consumption and/or as food for other carnivorous fish such as 
sleepy cod (Oxyeleotris selheimi), eel-tailed catfish (Neosilurus ater) and sooty grunter 
(Hephaestus fuliginosus). This approach may negate the need for expensive or unattainable 
fish feeds. The approach of culturing fish without processed feeds in PNG is not new 
(Glucksman 1969, Reynolds n.d.). 

Australian component 
Reducing environmental impacts and increasing ecological sustainability are important 
elements of aquaculture in Queensland. Water re-use and water discharge quality to the natural 
environment are factors currently concerning the aquaculture industry in Queensland with 
barramundi farming being the largest inland aquaculture industry in Queensland. Environmental 
requirements in Queensland are becoming more stringent and farmers are required to move 
towards zero discharge to the environment under both State and Federal policy and legislation. 
The Great Barrier Reef Marine Park Authority (GBRMPA) is increasingly scrutinising farming 
practices adjacent the GBR Marine Park. In 2009 an updated reef water quality protection plan 
was endorsed by the Queensland and Australian governments. The goal of the plan is to halt 
and reverse the decline of water quality from land-based activities, and prevent this water from 
entering the reef lagoon. The Australian Barramundi Farmers Association (ABFA) has identified 
water re-use and water discharge issues as a major research area. With greater demand on 
fresh water resources, water re-use is becoming an important component to greater productivity 
and profitability. 

Prior to this project, issues of water quality and ecological sustainability of aquaculture were 
being investigated with a grant from the Rural Industries Research and Development 
Corporation (RIRDC). This project investigated the potential of lotus (Nelumbo nucifera

DEEDI Bribie Island Aquaculture Research Centre was also undertaking bioremediation trials 
on municipal wastewater treatment for release to natural waterways using duckweed, and were 
developing bacterial floc and mechanical treatment systems (Willett and Morrison 2006). Under 
the current ACIAR project, evaluation of duckweed for barramundi pond effluent bioremediation 
was set up at Walkamin to extend the trials that had already been undertaken by DEEDI. 

) to 
remove nutrients and solids from barramundi aquaculture waste water. The by-product of the 
process, the lotus plant, may then become a saleable commodity for the farmer. 

A better understanding of husbandry techniques and water quality parameters for barramundi 
culture will help improve the viability of the fledgling PNG aquaculture industry. Water re-use 
and the production of usable by-products from the waste water will also help the PNG industry. 



9 

4 Objectives 

 

Objectives as set out in the project proposal 

Objective 1 

 

Develop robust hatchery and growout technologies for indigenous fish species 
(including barramundi) for sustainable aquaculture development in Queensland and 
PNG. 

Objective 2 

 

Evaluate potential of pond based freshwater crustacean culture in PNG and Queensland, 
building on techniques already developed in Queensland for those species. 

Objective 3 

 

To assess the acceptance by farmers of the new species/techniques and to develop 
appropriate husbandry packages. 

Changes to the project 
 

A mid-term review was carried out in Goroka PNG in November 2008 by Dr. Ken Menz and 
Professor Peter Edwards, supported by Dr. Geoff Allan and Mr. Jacob Wani. Table 1 
summarises the recommendations made by the review team. 

All aquaculture activities at Walkamin ceased in June 2009 as DEEDI ceased all operations at 
the aquaculture centre, with only one staff member (Peter Graham) remaining to finalise 
activities at Walkamin and to continue the overseas component of this ACIAR project.  

A section of OTML (OTDF) underwent an organisational restructure of its community work at the 
end of 2009 with a new entity, Ok Tedi Fly River Development Program (OTFRDP) taking over 
these and other activities in 2010.  

In light of these changes and uncertainties, as well as changes in key personnel, ACIAR 
decided to terminate the project in December 2009, 18 months before its scheduled completion 
date. 

Although the ACIAR project has ceased, the Western Province government has committed to 
continue the work. OTFRDP has also committed to supporting aquaculture as it moves forward. 

 

Table 1.  Changes to activities as recommended by the mid-term review. 

Activities as per Project 
document 

Activity changes 
recommended by review  

Comments 

Activity 1.1: Assist OTML and 
Western Province to develop 
two functional aquaculture 
facilities including design, 
construction and staff training 

No change The review noted that OTML 
hatchery is completed and 
second hatchery is under 
construction. 
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in all operational aspects. 

 

 

Activity 1.2: Transfer and 
adaptation to PNG of 
techniques developed in 
Queensland for production of 
freshwater species with initial 
emphasis on sooty grunter, 
eel-tailed catfish, and sleepy 
cod as models. 

 

The review team recommended 
the project should concentrate 
efforts on fewer species and 
clearly articulate how 
technology would be 
demonstrated to farmers 

The review team felt there were 
too many species and while the 
overall approach of transferring 
technology, evaluating 
breeding on station and then on 
farm was appropriate, the 
chance of successfully 
completing research with all 
species was small. 

Activity 1.3: Investigate plant-
based bacterial floc based, 
and/or mechanical treatment 
systems for improving 
barramundi production and 
management in freshwater 
aquaculture systems in 
Queensland. 

 

Omit the words relating to 
bacterial floc and mechanical 
treatment systems and focus on 
plant-based systems as well as 
those based on naturally 
occurring bacteria and 
phytoplankton. 

The review team noted that the 
activity as written was too 
specific and some farmers in 
Queensland were unlikely to be 
in a position to adopt biofloc 
technology or mechanical 
filtration. 

Activity 1.4: Assess 
effectiveness of current 
settlement pond efficiencies in 
nutrient assimilation. 

 

Consider adding a separate 
activity relating to the evaluation 
of farmers' own remedial 
systems along with provision of 
advice for their improvement 

 

As the activity is not clear on 
its intention, the review team 
misunderstood the activity 
was proposing to do what 
they have suggested. The 
project was terminated before 
this activity commenced. 

Activity 2.1: Collect freshwater 
crayfish from Fly River and 
evaluate growth and 
production characteristics. 

 

No change (note that difficulties 
have been experienced with 
collecting redclaw juveniles 
because of unusually high river 
levels). 

 

The research with redclaw is 
supported by the review team 
as proposed. 

 

Activity 2.2: Distribute crayfish 
juveniles to selected farmers 
for growout trails in production 
conditions, monitor production 
and issues and address these 
as they arise. 

 

Remove this activity and 
constrain all research with 
redclaw to that described in the 
revised Activities 1.2 and 3.1. 

 

 

Activity 2.3: Determine 
growout characteristics of 
Macrobrachium collected from 
Fly River recruitment runs at 
OTML/Western Province 
managed facilities. 

It is recommended that all 
future work under this objective 
be dropped. 

The review team considered 
the Macrobrachium component 
in this objective to be of a 
magnitude equal to a stand-
alone ACIAR project and thus 
too ambitious in the current 
context and should not be 
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pursued.   

 

Activity 2.4: Investigate 
hatchery characteristics, 
production performance and 
aquaculture potential of two 
strains of Macrobrachium 
rosenbergii in Australia. 

 

The Australian component has 
been completed 

 

Activity 3.1: Establish model 
farms for trialling and 
demonstration of culture 
techniques for various 
species. 

 

This activity is primarily a 
demonstration/evaluation of 
technological feasibility - trials 
will be essentially 'researcher 
managed' (i.e., farmers will act 
under the strong direction of the 
research team).  If this is 
successfully achieved, a further 
adaptive research phase would 
be required to interactively tailor 
the technology to the 
socioeconomic conditions faced 
by the farmers. 

The review team felt that this 
objective needed clarity. 

Activity 3.2: Distribute crayfish 
juveniles and/or fish 
fingerlings to selected farmers 
for growout trials in production 
conditions. 

 

Omit as no longer relevant 
(once activity 2.2 is omitted). 

 

Activity 3.3: Assess 
performance and develop 
husbandry packages based 
on most appropriate 
production methodologies. 

 

No comment was made on this 
activity by the review team 

Project terminated before this 
activity commenced 

Activity 3.4: Improve skills of 
provincial extension officers 
and NGOs in aquaculture 
techniques, under guidance 
from NFA, to extend results of 
the project beyond the life and 
footprint of the project. 

 

No comment was made on this 
activity by the review team 

Project terminated before this 
activity commenced 
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5 Methodology 

5.1 Study sites 
 

The project was carried out in four sites: two in PNG and two in Australia. The two PNG sites 
were both in Kiunga (Fig. 1), one the OTML site and the other the Western Province 
Government site.  In Australia, pond-based studies took place at the DEEDI Research Station in 
Walkamin (north Queensland), and laboratory-based studies at James Cook University (JCU) in 
Townsville. 

5.1.1  

5.1.2 OTML site 
 

The initial scoping study (described in Section 3 above) was conducted at the OTML Agriculture 
Resource Centre in Tabubil (Fig. 1). This project was initially planned to continue at the same 
location, but just as the project was about to commence, OTML decided to relocate to a site in 
Kiunga. 

The aquaculture facility was constructed in Kiunga at an OTML compound commonly referred to 
as the ‘Trust Yard’. Although space was limited, this site had access to a good source of bore 
water, electricity supply and above all very good security. A basic hatchery was built quickly 
under an existing roof structure and ponds were constructed. The site also had all other 
services such as telephones, e-mail and transport facilities supplied by OTML. This facility was 
planned to be a temporary site, with the equipment to be transferred to the nearby Western 
Province government site at Kiunga (see below) when OTML withdrew from this work as the 
mine closed down. 
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Figure 1. Tabubil, the planned original site for aquaculture development, is on the Ok Tedi, near 
the Ok Tedi mine site. Kiunga is on the Fly River.  

5.1.3 Western Province government site (LARDEC) 
The Western Province government aquaculture facility, Lowlands Aquaculture Research, 
Development & Extension Centre (LARDEC) was located at Samagos, on the outskirts of 
Kiunga. The construction of LARDEC had commenced prior to the development of the ACIAR 
project, as the Western Province government had already committed to developing aquaculture. 
LARDEC had some offices and accommodation for staff, but communications and transport 
were lacking. 

5.1.4 DEEDI site 
The major part of the Australian component of the project was carried out at the DEEDI 
research station at Walkamin, on the Atherton Tablelands west of Cairns. This site has an 
existing aquaculture facility, complete with laboratories and ponds designed for replicated trials. 
Growout trials on Macrobrachium conducted by JCU, as well as the water re-use trials were 
conducted at this facility. 

5.1.5 James Cook University site 
The larval rearing component of the work on Macrobrachium
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 was carried out at JCU in 
Townsville. A project investigating the larval rearing of Macrobrachium by a John Allwright 
Fellowship-sponsored MSc student, which was already underway, was linked to this ACIAR 
project. 
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5.2 Personnel 
Boga Figa of OTML and Brett Herbert of DEEDI prepared the project proposal, with input from 
Robert Alphonse Kaiyun from the Western Province government. Guidance on the formation of 
the project was given by Jacob Wani of the PNG National Fisheries Authority (NFA).  

There were significant changes to personnel over the course of the project. Boga Figa left the 
project and was replaced by Havini Vira in 2006, as team coordinator at OTML. Brett Herbert 
resigned from DEEDI at the end of 2006 and was replaced by Evizel Seymour in April 2007. 

From 2006 onwards OTML staff consisted of Havini Vira as the team leader with Irene Kamang 
as a fisheries officer. Noel Tonko was a temporary fisheries officer based at the Trust Yard and 
the main person doing the practical work. 

The Western Province team was headed by Robert Alphonse Kaiyun with Kaupa Kia as the 
fisheries officer, assisted by Waum Elemnop and Johnson Karl. 

The Australian team at Walkamin was led by Evizel Seymour with three technicians to conduct 
the Australian research component of the project and to assist the PNG partners in their 
activities. Peter Graham assisted with the PNG component as well as the Australian research. 
Clarita Agcopra was involved with the Australian research specialising in the water chemistry 
analysis, assisted by Karen Willows. 

Dr. Chaoshu Zeng at JCU in Townsville supervised Malwine Lober in a John Allwright 
Fellowship MSc on Macrobrachium hatchery production. 

All positions were funded by the respective organisations except for Karen Willows, who was 
funded through the ACIAR project. 

 

5.3 Delivery of the project 

5.3.1 Logistics 
 

As OTML has the resources and infrastructure in place, they were the main agency to supply 
the logistics for the project. Travel into and out of PNG was facilitated on the OTML charter 
flights direct from Cairns to Tabubil, PNG. As part of their project budget commitment, OTML 
supplied all transport, accommodation and meals for visiting DEEDI staff. DEEDI staff welfare 
and security were also catered for by the OTML infrastructure. Safety briefings were conducted 
at the beginning of each visit, with DEEDI staff ensuring all safety requirements OTML were 
adhered to. 

DEEDI staff conducted four to five visits a year, each of 10-14 days duration. The objectives of 
the visits were to review progress from the last visit, to advise on future activities, and to work 
alongside the PNG staff demonstrating and reinforcing skills and procedures. 

 

 

5.3.2 Methodology 
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Objective 1  Develop hatchery and growout technologies for indigenous fish species for 
sustainable aquaculture development in Queensland and PNG 
 

Activity 1.1  Assist OTML and Western Province government to develop two functional 
aquaculture facilities. 
A hatchery was constructed at Tabubil (Fig. 1) as part of the scoping study but required further 
development and fittings. Pond facilities and a small laboratory were constructed to complete 
the hatchery facility at the Trust Yard. Ponds and a hatchery were also constructed at the 
Western Province site at LARDEC,Samagos. The LARDEC hatchery was not completed by the 
time the project was terminated. 

As facilities were being constructed, the next phase was to ensure that staff were conversant 
with fish handling and maintenance, pond management and spawning techniques to ensure the 
hatcheries were functional. Training was delivered in the form of ‘learning by doing’ in the 
following activities. 

 

Activity  1.2 Transfer and adoption in PNG of techniques developed in Queensland for 
production of freshwater species with initial emphasis on sooty grunter, eel-tailed catfish 
and sleepy cod. 
An integral part of the breeding program was to transfer techniques to partner country staff and 
adapt techniques used in Queensland to the PNG situation. Four staff (two from OTML and two 
from Western Province) travelled to Queensland to participate in an exchange visit to develop 
their skills, abilities and confidence in handling and spawning native fish. The staff also viewed 
operational aspects of fish farming in Australia. Broodstock at both facilities were regularly 
assessed for breeding condition, to develop skills in handling, health monitoring and spawning. 
Larvae produced were reared in tanks and ponds. All activities were carried out repeatedly to 
develop confidence and abilities. These activities produced fingerlings for growout both on 
hatchery sites and at participating demonstration farms in PNG. 

 

Activity 1.3  Investigate plant-based, bacterial floc based, and /or mechanical treatment 
systems for improving barramundi production and management in freshwater 
aquaculture systems in Queensland. 
In response to the mid-team review, investigations of the bacterial floc and mechanical 
treatment systems were discontinued. Two trials were carried out on plant-based systems. 

Plant-based treatment was used to investigate the capacity of these systems to assimilate 
nutrients from the water of barramundi fish farms in order to reduce the water requirements. 
Paired ponds were used at Walkamin to replicate partition systems, with one pond holding the 
fish and the other acting as the water treatment pond. The treatment ponds were planted with 
duckweed and lotus, both native to PNG and Australia. Water was pumped from the production 
pond to the treatment pond, and gravity fed back to the production pond after a residence time 
in the treatment pond. Each system was replicated. The experimental control on water quality 
was ponds of fish without water re-use, with water quality monitored and managed by water 
exchange as required to maintain fish health. Barramundi growth and food consumption were 
monitored along with water usage. 
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Objective 2  Evaluate the potential of pond-based freshwater crustacean culture in PNG 
and Queensland building on techniques already developed in Queensland for these 
species. 
Activity 2.1  Collect freshwater crayfish from the Fly River catchment and evaluate 
growth and production characteristics. 
Freshwater crayfish were collected from the Fly River near Kiunga and stocked into a pond at 
the OTML Trust Yard at Kiunga. The pond was fenced with a barrier to prevent the crayfish 
escaping, and the crayfish provided with habitat in the pond. A tank breeding trial was also 
carried out. 

 

Activity 2.2  Distribute crayfish juveniles to selected farmers for growout trials in 
production conditions, monitor production and issues and address these as they arise. 
This activity was scheduled in the project proposal to start in year 3, month 9-12, so the activity 
had not started before the mid-term review. The mid-term review recommended this activity be 
dropped. 

 

Activity 2.3  Determine growout characteristics of seed stock Macrobrachium collected 
from the Fly river recruitment runs at OTML/Western Province managed facilities. 
This activity was scheduled in the project proposal to start in year 3, month 3, so the activity had 
not started before the mid-term review. The mid-term review recommended this activity be 
dropped. 

 
Activity 2.4  Investigate hatchery characteristics, production performance and 
aquaculture potential of two strains of Macrobrachium rosenbergii in Australia 
Broodstock management, larval culture and nursery culture of post-larvae of the Australian 
strain of M. rosenbergii were conducted at the Marine and Aquaculture Research Facilities Unit 
(MARFU) at JCU. Nursery culture of two batches of post-larvae and grow-out trials were 
conducted at the ponds at Walkamin Research Station with JCU personnel monitoring the 
growth of the prawns. 

 

 

Objective 3  To assess the acceptance by farmers of the new species/techniques and to 
develop appropriate husbandry packages. 

Activity 3.1  Establish model farms for trialling and demonstration of culture techniques 
for various species. 
Five farmers near Kiunga and two near Tabubil were selected by Western Province staff to 
develop as model farms. These farmers were given training by Western Province staff and 
supplied with fish fingerlings. Further assistance and advice was supplied by visits from staff. 
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6 Achievements against activities and 
outputs/milestones 

Objective 1: To develop robust hatchery and growout technologies for indigenous fish 
species (including barramundi) for sustainable aquaculture development in Queensland 
and PNG 
 

no. activity outputs/ 
milestones 

completion 
date 

comments 
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1.1 Assist OTML 
and Western 
Province to 
develop two 
functional 
aquaculture 
facilities. 

Reliable, 
repeatable 
methods for 
spawning and 
fingerling 
production of 
native fish 
applied in 
PNG. 

 

 

 

 

 

 

Confidence 
and capacity 
built for 
breeding 
native fish 
species in 
Papua New 
Guinea 

OTML 
hatchery 
completed 
and fully 
operational 
(February 
2008) 

LARDEC 
hatchery 
building 
completed 
(December 
2009) 

 

 

 

Ongoing 
until early 
termination 
of project 
(December 
2009) 

A functional temporary hatchery 
was constructed at the OTML 
Trust Yard. It consisted of three 
2-tonne fibreglass tanks, three 
75-litre Artemia/egg hatching 
tanks with aeration, and a good 
bore water supply to the tanks. 
A small wet laboratory was also 
built, equipped with the 
necessary equipment. 

The LARDEC hatchery building 
was not completed until 
December 2009 due to the slow 
provision of funds from the WP 
Government administration. 
Water and power supply had not 
been connected by the end of 
the project. Six 2-tonne 
fibreglass tanks, five 75-litre 
Artemia/egg hatching tanks, an 
air blower and other ancillary 
equipment were supplied by 
ACIAR on site. 

Visits to Walkamin Research 
Station for work experience by 
OTML and WP staff. Quarterly 
visits by DPI&F staff to PNG, to 
work alongside PNG staff 
reinforcing and refining skills 
and knowledge. Successful 
hormone-induced spawning of 
sooty grunter and eel-tailed 
catfish, with 83 sooty grunter 
fingerlings distributed to 
farmers. Eel-tailed catfish 
spawned but only 3 fingerlings 
were raised. Sleepy cod and Fly 
River herring were successfully 
spawned in ponds. 

Required specialist aquaculture 
equipment was supplied via 
ACIAR to in-country partners. 
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1.2 Transfer and 
adaptation to 
PNG of 
techniques 
developed in 
Queensland 
for production 
of freshwater 
species with 
initial 
emphasis on 
sooty grunter, 
eel-tailed 
catfish and 
sleepy cod. 

Expansion of 
use of 
transferred 
technologies 
beyond OTML 
staff 

 

Confidence 
and capacity 
built in PNG to 
explore 
production of 
native fish 
species 
independently. 

Ongoing 
until early 
termination 
of project in 
Dec 2009 

 

 

Ongoing 
until early 
termination 
of project in 
Dec 2009. 

A training workshop was held by 
WP staff, supported by OTML, 
for local farmers. Ongoing farm 
visits by WP staff, with farm 
visits arranged for visiting 
DPI&F staff. 

Herring and sleepy cod 
successfully bred in WP ponds. 
2 000 herring and 2 000 sleepy 
cod produced with some stocks 
transferred to farmers’ ponds. 

Successful spawnings of sooty 
grunter and eel-tailed catfish 
(Neosilurus ater

1.3 

) at OTML's 
Trust Yard, but limited success 
in fingerling production. 

Investigations 
of plant-based, 
bacterial floc 
based, and/or 
mechanical 
treatment 
systems for 
improving 
barramundi 
production and 
management 
in freshwater 
aquaculture 
systems in 
Queensland. 

Water 
extraction and 
discharge 
reduced 
substantially. 

 

Fish 
production 
economics 
improved 
through 
efficiencies in 
handling, 
feeding and 
protection. 

 

Model for 
requirements 
for partition 
systems 
developed. 

May 2009 Two trials were carried out using 
plant-based treatment systems. 
Additional trials were not 
possible due to changes in 
delayed staff commencement 
dates and the early termination 
of the project  

There was no adverse effect on 
fish growth and survival by 
water re-use through plant-
based water treatment. The 
plant-based treatment systems 
were effective in treating the 
water but further research is 
required to evaluate and 
compare the other treatment 
systems and to further on-farm 
management practices. 

1.4 Assess 
effectiveness 
of current 
settlement 
pond 
efficiencies in 
nutrient 
assimilation. 

Understanding 
of properties of 
settlement 
ponds 
conducive to 
nutrient and 
waste 
assimilation. 

 Project terminated prior to 
activity commencing this activity. 
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Objective 2  To evaluate potential of pond based freshwater crustacean culture in PNG 
and QLD, building on techniques already developed in QLD for these species. 
 

no. activity outputs/ 
milestones 

completion 
date 

Comments 

2.1 Collect 
freshwater 
crayfish from 
Fly River 
catchment and 
evaluate 
growth and 
production 
characteristics. 

Crayfish 
growth and 
reproduction 
potential in 
PNG 
determined. 

 

December 
2009 

Breeding was successfully 
achieved in tanks, but 
broodstock disappeared when 
stocked into ponds. A study to 
identify the cause(s) (death or 
emigration) was devised, but the 
project was terminated before 
this was completed. This work 
should continue under the new 
OTML structure.  

2.2 Distribute 
crayfish 
juveniles to 
selected 
farmers for 
growout trials 
in production 
conditions, 
monitor 
production and 
issues and 
address these 
as they arise. 

Juveniles 
ready for 
distribution 
and farmers 
selected and 
trained. 

 Mid-term review recommended 
this activity be removed.  

2.3 Trial growout 
seed stock 
collected from 
identified Fly 
River 
recruitment 
runs of M. 
rosenbergii. 

Assessment of 
growth rates 
and 
aquaculture 
potential of 
PNG stocks of 
Macrobrachiu
m. 

Work had 
not 
commenced 
on this 
activity as 
efforts were 
confined to 
the 
difficulties in 
breeding 
redclaw. 

Mid-term review recommended 
that all future work under this 
objective be dropped (possibility 
to be considered as a separate 
project). 
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2.4 Investigate 
hatchery 
characteristics, 
production 
performance 
and 
aquaculture 
potential of two 
strains of M. 
rosenbergii in 
Australia 

Assessment of 
hatchery and 
growth 
potential of 
genetically 
distinct stocks 
of Macro-
brachium in 
Australia. 

 

ACIAR 
sponsored 
student 
develops skills 
base required 
for Macro-
brachium 
production. 

October 
2008  

Reproductive seasonality, 
conditioning, fecundity as well 
as induction of out-of-season 
spawning and the attempt to 
close the life cycle although 
induction of out-of-season 
spawning by temperature and 
photoperiod manipulation 
achieved relatively limited 
success. Although out-of-
season spawning was 
unsuccessful, the life cycle of 
the Australian M. rosenbergii 
was fully closed in 2008. All 
hatchery production in this year 
came from broodstock 
harvested from DPI&F ponds. 

In 2008, four hatchery runs (27 
Feb to 16 May) produced larvae 
hatched from females stocked in 
the DPI&F pond as postlarvae in 
2007, thereby closing the life 
cycle. Survival was generally 
lower than 2007 when wild 
broodstock were used. Survival 
was recorded at between 40-
68% and postlarvae harvested 
on 25 to 35 days after hatch. A 
total of 65 000 PL were 
produced; these are currently 
under nursery culture and will be 
used for stocking ponds in 
northern Queensland 
Barramundi farm. (Further 
information on 2008 research is 
attached as Appendix 1) 

Ms. Malwine Lober, an ACIAR-
sponsored MSc student from 
Samoa has involved in all 
aspects of M. rosenbergii 
production, particularly 
broodstock management, larval 
and nursery culture and has 
learnt all skills needed for the 
production. She also has a first 
authored paper being accepted 
for publication in ‘Aquaculture’ 
and two papers under 
preparation. Additionally, there 
were other students and a 
visiting scholar from Indonesia, 
Mexico and Japan involved in 
the project and received 
training, broadening the training 
impacts beyond the original 
plan. 
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Objective 3: To assess the acceptance by farmers of the new species/techniques and to 
develop appropriate husbandry extension packages. 
 

no. activity outputs/ 
milestones 

completion 
date 

comments 

3.1 Establish 
model farms 
for trialling and 
demonstration 
of culture 
techniques for 
various 
species 

At least five 
model farms in 
the project 
area and at 
least two in 
highlands 

Farmers fully 
conversant 
with 
subsistence 
aquaculture 
techniques for 
their area and 
willing to share 
knowledge 

Ongoing 
until project 
termination 
(December 
2010); post-
project 
activities 
are 
continuing.  

Two farms assisted in the higher 
altitude and Tabubil areas; both 
stocked with Fly River herring. 

Five farms were assisted in the 
Kiunga area. Only sleepy cod 
were stocked, crayfish could not 
be introduced due to initial 
difficulties faced in breeding. 

Farmers were trained but 
require further guidance. 
Provincial government fisheries 
has an active extension program 
that will continue after the 
project's completion.  

3.2 Distribute 
crayfish 
juveniles 
and/or fish 
fingerlings to 
farmers for 
growout trials 
in production 
conditions 

Farmers, 
including 
model farmers 
throughout the 
project area 
and further 
afield, are 
farming native 
species 

Aquaculture 
produce 
available in 
local markets 

Farmers 
trained and 
applying that 
knowledge in 
fish farming. 

 Omitted in accordance with mid-
term review recommendation. 
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3.3 Assess 
performance 
and develop 
husbandry 
packages 
based on most 
appropriate 
production 
methodologies 

Defined best-
practice 
techniques 
adapted to 
specific 
regional 
peculiarities 
identified and 
adopted. 

Manual (for 
extension 
officers in 
NGOs, NFA, 
NDAL and 
provincial 
DAL) produced 
with guidelines 
on farm 
production 
methodologies 

 Project terminated before 
commencement of this activity. 

3.4 Improve skills 
of provincial 
extension 
officers and 
NGOs in 
aquaculture 
techniques 
under 
guidance from 
NFA, to extend 
results of the 
project beyond 
the life and 
footprint of the 
project. 

A base of 
trained 
extension 
people (NGO 
and provincial 
government) in 
provinces 
outside the 
immediate 
project area. 

Network of 
capable 
farmers 
developed to 
provide model 
farm examples 
for prospective 
fish farmers in 
conjunction 
with 
FIS/2001/083. 

 Project terminated before 
commencement of this activity 
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7 Key results and discussion 

7.1 Activity 1.1: Assist OTML and Western Province government to 
develop two functional aquaculture facilities. 

 

OTDF constructed six 5m x 10m ponds and a functional hatchery at their site at the Trust Yard. 
Equipment supplied as part of the scoping study was used to fit out the hatchery. This included 
three 2-tonne fibreglass tanks, three 75-litre Artemia/egg hatching tanks and an air blower, 
which supplied air to both the hatchery and the ponds. The hatchery and ponds were supplied 
with bore water through existing facilities at the site. A small air-conditioned laboratory room 
was also constructed.  

Six 10m x 20m ponds water storage and water supply reticulation to the ponds were 
constructed at the Western Province facility (LARDEC) at Samagos. A weir was constructed 
across a water course allowing water to be gravity fed to the ponds, negating the need for 
pumps. The completion of the ponds and water supply in the early part of the project allowed 
the ponds to be utilized to hold and breed fish. A hatchery building was completed, although it 
was not in operation as the water and power supplies were not connected. This did not 
constrain the project as a functioning hatchery was available at the nearby Trust Yard. Six 2-
tonne tanks, five 75-litre Artemia/egg hatching tanks, an air blower and other ancillary 
equipment were supplied to Samagos through the project to equip the hatchery.  

 

7.2 Activity 1.2: Transfer and adaption to PNG of techniques 
developed in Queensland for production of freshwater species 
with initial emphasis on sooty grunter, eel-tailed catfish and 
sleepy cod. 

 

Training and skills transfer 
To assist in confidence and capacity building in PNG, two staff members each from OTDF and 
the Western Province government attended 10-day visits to Walkamin Research Station. Noel 
Tonko of OTDF and Kaupa Kia of Western Province government visited in November 2007 
while Irene Kamang of OTDF and Waum Elemnop of Western Province government visited in 
November 2008. Havini Vira and Tike Kulingim of OTDF visited Walkamin under the scoping 
study in March 2005 with Havini Vira awarded a John Dillon Fellowship to visit Australia from 
September to November 2006. These visits to Walkamin allowed PNG staff to view and 
participate in farming activities that the project was aiming to achieve in PNG. The PNG 
personnel gained practical experience in farming and harvesting redclaw crayfish, successful 
hormone-induced spawning of eel-tail catfish fish and sooty grunter, and were part of the daily 
routine of feeding and water quality monitoring. With the assistance of the Atherton Tablelands 
Stocking Group, which spawned sooty grunter prior to the visit by PNG personnel, the visitors 
were able to view the larval rearing and feed production techniques of sooty grunter in the latter 
stages of their culture. Visits to commercial barramundi and redclaw farms were also included in 
their program. 
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Results in PNG showed that the project was starting to build the capacity to develop an 
aquaculture industry in the Western Province. Facilities were constructed by OTDF and Western 
Province government staff, broodstock successfully collected from the river and stocked into 
ponds. Visits to Walkamin Research Station by PNG staff were invaluable in exposing the staff 
to successfully operating facilities that were conducting the same activities that the project was 
aiming towards in PNG, thereby giving credibility to the Australian team members in the eyes of 
PNG staff. These visits not only demonstrated the husbandry skills but showed practical skills in 
constructing and adapting materials into required equipment that they could implement 
themselves. This experience led to the construction of practical facilities in PNG such as the 
hatcheries and ponds. 

Periodic visits from DEEDI staff allowed the skills and knowledge to be built on over time. By 
being present and working along side, but allowing the PNG staff to take the lead role in 
activities, the DEEDI staff guided and assisted to build confidence in the PNG staff in their own 
abilities. Through the extended visits by DEEDI staff the importance of the daily routine, 
observations and record keeping by the PNG staff was instilled. Also by being on site Australian 
staff could view activities and correct misguided practices.  

 

Fly River Herring (Nematalosa papuensis) 
Introduction 
Although Fly River herring was not among the species proposed for this project, it was included 
because several attributes make it an easy species with which to learn fish farming skills. Fly 
River herring breed naturally in ponds, are prolific breeders and feed mainly on algae and 
detritus, negating the need to be fed expensive processed feeds. Herring can be used directly 
for human consumption (wild-caught herring are currently sold in Kiunga markets) or used as a 
feed source for carnivorous fish such as sooty grunter or sleepy cod. Research supported by 
ACIAR has been carried out to investigate the harvesting of herring from the lagoons of the Fly 
River to produce fish meal. Possibilities exist for the culture of herring in high organic-content 
water such as at intensive pig farms to produce herring for fish meal or to feed fresh to pigs and 
chickens as suggested by Reynolds (n.d.).  

 

Methods 
Broodstock fish were collected from the oxbow lakes off the Fly River near Kiunga and 
transported back to the ponds at LARDEC. OTDF provided the logistics to undertake the field 
trips to collect the broodstock, while OTDF and Western Province staff ensured all landholder 
issues were resolved. Herring do not transport well and need careful handling, well-aerated 
water and minimum time in transit to survive transportation. To maximise chances of successful 
collection, in-country staff undertook this activity rather than local fishermen. 

As herring breed naturally in ponds and do not need hatchery facilities for breeding, they were 
allocated to the LARDEC ponds where the hatchery was built but not functional. Western 
Province staff provided constant water supply to the ponds to ensure high dissolved oxygen 
levels for the fish. As the ponds were constantly flushed, fertilisation of the ponds was not 
considered necessary for increasing productivity of the pond. The water from the supply weir 
provided food and nutrients for natural pond production to sustain the herring. 

 

Results 
From June 2008 to June 2009, approximately 2000 herring fingerlings were produced ranging in 
size from 25 to 75 mm. Most of this production was achieved in the first half of 2009. Due to a 
severe water shortage in the later part of 2009 most of these fingerlings were lost.  
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Discussion 
Due to transport constraints Western Province staff were unable to distribute herring stocks to 
farmers’ ponds for evaluation. An impediment to aquaculture of herring is that they need careful 
handling to transport live. When catching, contact with the fish needs to be kept to a minimum 
as scales are easily dislodged, and transport water needs to be well aerated. 

A prolonged dry spell and leaks in the supply weir resulted in a water shortage in late 2009. 
Western Province staff were repairing the leaks with the aid of OTML as the project ended. 
Power was also about to be supplied to the ponds, allowing their aeration and thereby reducing 
the water required to maintain high dissolved oxygen levels in the ponds. Less flushing of the 
ponds would allow them to be fertilised, leading to greater herring productivity. 

 

Reference 
Reynolds L. F. (no date, but late 1960s) Fish culture in fertilized ponds. Department of 
Agriculture, Stock and Fisheries, Fisheries Research, Kanudi, PNG. Sighted in Aquaculture in 
Papua New Guinea. Reports from 1950 to 2005, accompanying disc for ACIAR monograph no. 
125. 

 

Sleepy Cod (Oxyeleotris selheimi) 
Introduction 
Sleepy cod were selected as it breeds naturally in ponds and is highly regarded as a food fish. 
As sleepy cod are carnivorous, the aquaculture potential was considered to be in co-culturing 
herring with sleepy cod. Herring would supply a food source for the cod, with excess production 
of herring in the pond providing additional production. Due to their placid behaviour, sleepy cod 
are easily transported and handled. This species can be stocked at very high densities and is 
very suited to grow-out in recirculation aquaculture systems. 

 

Methods 
Western Province staff facilitated the collection of broodstock by purchasing fish from local 
fishermen or collecting fish themselves. As hatchery facilities were not required to breed sleepy 
cod, the broodstock were kept in ponds at LARDEC. The total number of broodstock stocked 
into the pond was three males and two females. The sex ratio of the broodstock was dictated by 
the fish collected.  

Breeding was achieved by using practices adapted from Herbert and Graham (2004), who 
provided spawning structures and removed the eggs from the broodstock pond. In this project 
the fish spawned adhesive eggs onto surfaces in the pond such as the vertical surfaces of the 
concrete outlet structure. The eggs were not removed from the broodstock pond but left to 
hatch; the larvae were then grown in the broodstock pond. As the broodstock were left to breed 
naturally, spawning was continuous when environmental conditions were suitable. Feeding of 
the broodstock and larvae was through natural production of plankton and aquatic insects, and 
by herring stocked into the pond. Water was constantly supplied to maintain high dissolved 
oxygen levels and to replace water lost to leakage. This also supplied nutrients and plankton 
from the supply weir to the pond. 

 

Results 
From June 2008 to June 2009, approximately 2000 sleepy cod fingerlings were produced 
ranging in size from 25 to 100 mm. Most of this production was harvested from the pond in June 
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2009 and stocked into a cage in the pond. Due to a severe water shortage in the later part of 
2009 most of these fingerlings were lost.  

Although the ACIAR project was terminated, the broodstock fish remained in the ponds and 
continued breeding, but no further information was available on activities. 

 

Discussion 
Sleepy cod bred well in the ponds with minimum care, demonstrating their suitably for village-
based farming. The need to buy and transport fingerlings from hatcheries is negated. Greater 
productivity could be achieved by stocking the eggs into fertilised ponds to ensure greater larval 
survival. 

As reported in the herring discussion above, the water shortage was caused by a severe dry 
period and leaks developing in the supply weir. Western Province staff with support from OTML 
were endeavouring to repair the leaks. 

 

Reference 
Herbert B., Graham P. (2004). Breeding and fecundity of the endemic Australian gudgeon, 
sleepy cod Oxyeleotris lineolatus (Steindachner 1867) (Eleotridae). Aquaculture 236, 241-252. 

 

Eel-tailed catfish (Neosilurus ater) 
Introduction 
Haines (1979) and Smith (2000) identified the aquaculture potential of eel-tailed catfish. It is 
highly regarded in PNG as a food fish and has high cultural significance. They feed on insects, 
crustaceans and molluscs. Although not yet tested, co-culture with crayfish would seem a 
suitable approach to allow the catfish to feed on recruitment from crayfish breeding, producing a 
mixed crop of crayfish and catfish. 

 

Methods 
Broodstock fish were purchased from local fishermen, facilitated and funded by OTDF. As eel-
tailed catfish require hormone induction to spawn, the broodstock were kept in ponds at the 
Trust Yard where a functional hatchery was available. Nine females and three males were held 
in an aerated pond. The sex ratio was dictated by what was available for purchase. Chicken 
pellets and floating barramundi pellets were fed each afternoon to supplement the natural 
production in the ponds. Hormone dose rates and spawning techniques were adapted from 
Cheah and Lee (2000), while larval rearing experience with other species (sooty grunter) was 
utilised for larval rearing of catfish. Further information on larval rearing was also gained from 
experience at Walkamin when PNG staff visited. 

Five hormone-induced spawnings were attempted but only one attempt produced larvae. This 
spawning was the result of hand stripping of milt and eggs as conducted by Cheah and Lee 
(2000). Previous attempts to achieve natural spawning in tanks were unsuccessful. 

Although unsuccessful, these attempts to produce larvae provided an important training 
exercise. The repetition of the procedure reinforced the skills and planning required, as well as 
giving valuable knowledge on the spawning condition of the fish, which can only be gained from 
practical experience. No information exists, either published or anecdotal, on predicting 
spawning condition from the oocytes of catfish. The only known reasonably reliable method is 
the degree of distension of the female's abdomen. Before each spawning attempt a sample of 
oocytes was cannulated from the female and observed under a dissecting microscope with an 
average oocyte diameter calculated.  
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In September 2009 successful spawning and larval production were achieved. After 
anesthetising with AQUI-S and cannulating, two females with the largest oocyte diameter were 
injected with 1ml/kg Ovaprim while two males were injected at 0.5ml/kg at 09:00h. One female 
and one male were each stocked into a static, aerated 2-tonne tank with the water temperature 
maintained at 28°C. After 24 hours the fish were anaesthetised, hand stripped and fertilised by 
Noel Tonko using his experience of stripping rainbow trout. After measuring the volume and 
diameter of the water-hardened eggs, the fertilised eggs were stocked into an aerated 2-tonne 
tank with continuous water flow at approximately 2 litres/minute. The aeration was not strong 
enough to lift the eggs in suspension as the eggs are negatively buoyant.  

The number of eggs was calculated from the egg diameter and volume following Hogan (1990). 
Prior to hatching, viable egg percentage was calculated, allowing the predicted number of 
larvae to be estimated. After hatching, the tank was drained and the larvae transferred to 50-l 
conical tanks and supplied with Artemia nauplii each day, then inspected for signs of feeding. 
On day 5 after hatching the larvae commenced feeding on the Artemia. Five days later the 
larvae were stocked into a fertilised pond. 

 

Results 
The results of the spawning are summarised in Table 2.  

 

Table 2.  Eel-tailed catfish (Neosilurus ater) spawning  

Date Oocyte 
diameter 

Egg volume Egg 
diameter 

Calculated 
no. of eggs 

% 
fertilisation 

No. of 
larvae 

8 Sept 2009 1.8 mm 200 ml 2.0 mm 28 000 2% 500 

 

Mortalities were experienced in the hatching tank after the eggs had hatched, but no data are 
available on how many surviving larvae were stocked into the pond. When the pond was 
drained on 2 December 2009 only three fingerlings were recovered, with an average total length 
of 75 mm after 10 weeks. 

 

Discussion 
Poor broodstock conditioning due to poor nutrition, or above-optimal water temperatures may 
have led to reduced quality and quantity of oocytes, leading in turn to the very low fertilisation 
rate. This may indicate the surviving larvae were of poor quality, resulting in the low survival to 
fingerling stage. Maximum water temperature reached during 2009 was 36.2°C with a minimum 
of 25.7°C and an average of 31.0°C. No data are available on optimum or limiting water 
temperatures for eel-tailed catfish. Oocyte diameters of only 1.8 mm were recorded in this 
study, compared to oocyte diameters of 1.91 to 2.0 mm reported by Cheah and Lee (2000). 
Spawning of Australian catfish at Walkamin during visits of PNG staff resulted in fish spawning 
naturally in the tank, oocyte diameters of 2.2 mm and a latency period of less than 24 hours. 

Good-quality broodstock is the key to successful breeding. Larger pond size may assist with 
better conditioning of the broodstock, allowing for lower stocking densities. This would allow the 
fish to feed on natural production of aquatic insects etc giving a more nutritional diet. Larger 
ponds would also have a moderating effect on the maximum water temperatures. 

It is not known if this growth rate of eel-tailed catfish would still be achieved at higher fingerling 
densities (there is no published information on this). The growth rate of the small sample 
harvested is encouraging, as compared with barramundi extensively reared in ponds reported to 
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reach 20-30 mm total length after about 3 weeks (Rimmer and Russell 1998). Hogan (1990) 
reported sooty grunter grows to 40-50 mm TL in 40-50 days.  

Knowledge gained from cannulating the female broodstock prior to hormone injection has led 
Noel Tonko to predict that an oocyte diameter of greater than 1.8 mm may result in successful 
hormone induction spawning of eel-tailed catfish.  
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Sooty Grunter (Hephaestus fuliginosus) 
Introduction 
Haines (1979) identified sooty grunter as having aquaculture potential in PNG due to its 
omnivorous diet. It is generally hardy and easy to maintain. Breeding trials carried out in the 
scoping study were therefore continued with in this project. Sooty grunter has been bred in 
Queensland since the 1980s for stocking into impoundments for recreational fishing, initially by 
DEEDI but more recently by community-based stocking groups. It has not been farmed 
commercially in Queensland. 

 

Methods 
Broodstock were purchased from local fishermen on the Elevala River, a tributary of the Fly 
River. OTDF facilitated the purchase and travel to collect the fish from the fishermen. Twelve 
broodstock fish consisting of 9 females and 3 males were housed in two ponds at the Trust 
Yard. They were fed floating barramundi pellets each afternoon.  

Spawning-induction techniques were adapted from Hogan (1990). Ovaprim was used in this 
project at 1 ml/kg for female and 0.5 ml/kg for males. 

Four hormone-induction spawning attempts were undertaken on sooty grunter at the Trust Yard 
hatchery, with two attempts producing larvae. The unsuccessful attempts were an important 
training exercise. The continued repetition of the procedure reinforced the skills and planning 
required as well as giving valuable knowledge on the spawning condition of the fish, which can 
only be gained from practical experience. No information exists, either published or anecdotal 
on predicting spawning condition of sooty grunter. The only known reasonably reliable method 
is the degree of distension of the female's abdomen. 

On 25 March 2008 two females and two males were selected after anaesthetising with AQUI-S. 
The males were selected on the ability to extract milt with gentle squeezing of the abdomen, 
while the females with the larger abdomens were selected. The fish were injected with hormone 
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at 10:00h and stocked into two static 2-tonne tanks. Water temperature was maintained at 28°C 
and a water exchange was carried out 24 hours later. The fish were checked for spawning 31 
hour after injecting, at 17:00h, and rechecked at 07:00h the following day. 

 

Results 
One female spawned with the eggs being removed from the tank with a plankton net. Egg 
volume and diameter were recorded. The eggs were placed into a 50-litre hatching vessel with 
aeration sufficient to keep the eggs in suspension. Prior to hatching, viable egg percentage was 
calculated allowing the number of larvae expected to be estimated. The results of the spawning 
are summarised in Table 3. 

 

Table 3. Sooty grunter (Hephaestus fuliginosus) spawning 

Date Egg volume Egg diameter Calculated No. 
of eggs 

% 
fertilisation 

No. of larvae 

25.Mar.2008 300 ml 1.9 mm 50 000 5% 2 500 

25.Nov.2009 200 ml 2.0 mm 28 000 10% 2 800 

 

Forty-eight hours after hatching, Artemia nauplii were stocked into the larval tank and the larvae 
monitored for feeding. Three days after hatching all surviving larvae were feeding. The larvae 
were fed Artemia for five days before stocking approximately 1000 surviving larvae into a 
bloomed pond. No fish were recovered when the pond was drained 8 weeks later. 

On 25 November 2009 another spawning was undertaken. The methods used were the same 
as the previous spawning with two females and two males being injected. The results of the 
spawning are summarised in Table 3. 

After feeding for seven days on Artemia in the hatching tank, approximately 1000 larvae were 
stocked into a fertilised pond. When the pond was harvested on 8 February 2010, 83 
fingerlings, average total length 40 mm were harvested from the pond. These fish were 
distributed to farmers in the Kiunga area. No further information was available on these fish due 
to the organisational changes and the early termination of the project. 

 

Discussion 
The very low fertilisation rates (5 and 10 percent) may have been the result of inadequate 
female spawning condition, which may have been affected by poor nutrition or high water 
temperatures. Maximum water temperature reached during 2009 was 36.2°C with a minimum of 
25.7°C and an average of 31.0°C. No data are available on optimum or lethal water 
temperatures for sooty grunter. Experience from Australia is that sooty grunter broodstock need 
to be kept at low densities in ponds to develop into breeding condition. The Trust Yard ponds 
were small (sufficient only to hold four broodstock fish), and larger pond size may assist in 
moderating the high water temperatures, resulting in better broodstock conditioning. They may 
also reduce fish densities, and therefore interactions, as sooty grunter can be aggressive 
towards each other (Hogan 1990). 

A pilot study conducted at Walkamin Research Station showed sooty grunter grew from an 
average of 0.4 g to 66 g in one year (unpublished results). One thousand six hundred fish were 
stocked into a 0.03 Ha pond and fed a commercial native fish pellet. Maximum weight gained 
was 160 g with a minimum of 14 g. These preliminary results suggest sooty grunter is not an 
attractive aquaculture species. 
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7.3 Activity 1.3: Investigate plant-based, bacterial floc based, and 
/or mechanical treatment systems for improving barramundi 
production and management in freshwater aquaculture 
systems in Queensland. 

 

Water conservation, reuse and release to the environment are increasing issues to be 
addressed in aquaculture. The Australian Barramundi Farmers Association (ABFA) has 
identified water re-use and water discharge issues as a major research area. 

Introduction 

Queensland government is becoming more stringent, and aquaculture farmers are required to 
move towards zero discharge to the environment under both State and Federal policy and 
legislation. The Great Barrier Reef Marine Park Authority (GBRMPA) is increasingly scrutinising 
farming practices adjacent the Great Barrier Reef Marine Park. In 2009 an updated reef water 
quality protection plan was endorsed by the Queensland and Australian governments. The goal 
of the plan is to halt and reverse the decline of water quality from land-based activities, and 
prevent this water from entering the reef lagoon. 

The purpose of this study was therefore to investigate the effectiveness of plant-based 
treatment systems to remove nutrients and suspended solids from barramundi aquaculture 
pond water before returning the water to the culture system. The objectives of the trial were to 
reduce the water requirements of the culture system by recirculating the water, while not 
adversely affecting the growth and behaviour of the fish, and to measure the effectiveness of 
the plants in removing nutrients and suspended solids. 

Prior to the early termination of this project, two trials were completed, one using duckweed 
(Spirodela punctata and Wolffia angusta) and the other using lotus (Nelumbo nucifera). The 
trials were carried out at Walkamin Research Station, on the Atherton Tablelands, north 
Queensland. The trial using lotus commenced in January 2009 and terminated prematurely in 
May 2009 when the decision was made to suspend aquaculture research at Walkamin 
Research Station. 

 

Methods 
The commencement of the bioremediation research was delayed until the appointment of the 
new project leader in April 2007 to replace Brett Herbert. A very severe winter was experienced 
in 2007 during the first trial with duckweed, causing fish mortalities. The ponds were restocked 
with fish and the trial recommenced in January 2008. This trial was terminated in December 
2008 due to the onset of summer storms and the possibility of frequent power supply 
interruptions. It was determined there was an animal welfare issue since the emergency 
aeration system in place was potentially insufficient for the biomass of fish in the ponds. 

The same experimental design and pond configuration were used for both the duckweed and 
lotus trials with adaptation to accommodate the two plant types (as discussed later in the 
aquatic plant management section), but with the results analysed separately for the two trials. 
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Trials with both duckweed and lotus consisted of two treatments with three replicates per 
treatment. Treatment 1: Water from the fish culture pond recycled through a pond containing 
aquatic plants for treatment. This treatment is referred to as “water re-use treatment” and 
consists of two ponds per replicate: one to culture the fish (referred to as the fish culture pond), 
and one to treat the water before returning to the fish pond (referred to as the treatment pond). 
Treatment 2: Fish ponds with static water except for water exchanges to maintain water quality 
for fish health (NH3

 

-N less than 1 mg/l following Rimmer 1995).This treatment is referred to as 
‘static’ ponds and consists of one fish culture pond but no water re-use pond.  

 

 

Pond configuration 
Walkamin Research Station has 24 ponds designed for replicated research, all lined with high-
density polyethylene (HDPE) and predator proofed with bird netting over the ponds. Each pond 
is 0.034 ha in size, 250 000 litres volume and a maximum depth of 1.7 metres. The ponds are in 
four rows of six ponds with each row slightly lower than the one above. Two adjoining rows of 
ponds were required for each trial. 

The fish culture ponds for the trial were grouped in one row of six ponds and randomly assigned 
a treatment method. If a pond was assigned the water re-use treatment, it was paired up with 
the pond above as the water-treatment pond. The water from each fish culture pond in the water 
re-use treatment was treated by the paired pond immediately above (Figs. 2, 3). 

Water was pumped from the lower fish pond, to the pond above for treatment (Fig. 2). The static 
water treatment does not have a treatment pond connected to the fish pond and the ponds 
located above the static water treatment fish ponds were not used in the trial (Fig. 3).  

The treatment ponds were partitioned with three internal baffle walls (Fig. 2) constructed of 
weed matting. As water flows around alternate ends of the baffles, it increases the contact time 
of the water in the pond.  

The baffles also minimise the disturbance of the duckweed mat by wind by reducing the area 
the duckweed is contained in (Figure 4). A large area of duckweed allows the wind action to 
push the duckweed to one end of the pond, rather than spreading evenly over the surface 
(Zirschky and Reed 1988, Skillicorn et al. 1993, Willett 2005). 
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Figure 2.  Diagram showing the pond configuration for the water re-use treatment. 

 

 
Figure 3.  Pond configuration for the lotus trial. 
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Figure 4.  The experimental unit with the treatment pond using duckweed in the foreground and 
the fish pond below (rear). 

 

Twenty-eight percent (approximately 70 000 litres) of the treatment pond volume was 
exchanged each day for both duckweed and lotus trials, giving a retention time of the water of 
3.5 days. This exchange rate has been reported to reduce total nitrogen by 38% (Willett 2005).  

Pumping was from 17:00h to 23:00h daily to transfer the required volume of water from the fish 
ponds to the treatment ponds. Flow meters were monitored daily to ensure the volume pumped 
between the replicates was equal. The pump intake was located approx 75 cm below the water 
surface. The water returning from the treatment ponds to the fish ponds was sourced from 
approximately 10 cm below the surface of the treatment pond by an internal stand pipe. Fig. 5 
illustrates this stand pipe with the water level lowered to allow the stand pipe to be viewed. 

Fish pond 

Treatment pond 
Baffles 
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Figure 5.  The internal standpipe, the top of which is 10 cm below the water surface, taking the 
water to be returned to the fish pond from the surface of the treatment pond. The water level 
has been lowered to allow the stand pipe to be exposed for the photo. 

 
Figure 6.  The external stand pipe structure allowing water to overflow from the treatment pond 
back to the fish pond. 
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The water was gravity-fed from the treatment pond back to the fish pond via an external stand 
pipe (Fig. 6) This stand pipe controlled the water level in the treatment pond and allowed the 
water to flow back to the fish pond as the water level rose in the treatment pond with pumping,  

 

Experimental Procedure 
Although they were different experiments, the same experimental procedure was used in both 
the duckweed and lotus trials. Each pond in the duckweed trial was stocked with 594 
barramundi (average weight 0.412 kg), while the lotus trial ponds were each stocked with 300 
barramundi (average weight 2.2 kg). The barramundi were fed to satiation once daily in the 
afternoon using a commercial floating barramundi diet. The weight of food fed to each pond 
each day was recorded. Constant aeration via an air blower was provided to all fish ponds to 
maintain oxygen levels and to prevent temperature stratification in the ponds. Additional 
aeration when required was provided, usually overnight, by 1.1 kW aspirators. The water 
treatment ponds were not aerated. 

The barramundi were stocked into the ponds and left to settle for three weeks prior to initial 
weights and measurements being recorded; the trial then commenced. The fish were measured 
for growth bi-monthly when the water temperature was above 25°C. (Growth slows at water 
temperatures below 25°C and feeding ceases at 20°C: Rimmer 1995

Oxygen, pH, temperature and turbidity were measured in the morning (between 08:00h and 
08:30h) and afternoon (between 15:00h and 16:00h) every day using a TPS 90FLT meter. 
Readings in the water treatment ponds were made at the surface, 20 cm below the surface, and 
at the bottom (1.4 m below the surface). The bottom reading was taken 30 cm above the actual 
pond bottom to prevent the probes coming in contact with the bottom sediments to avoid false 
readings. These data collection points are referred to as “surface” and “bottom” in the results. 
Only one reading was taken in the fish ponds as there was no stratification due to the constant 
aeration. Temperature loggers were installed in all ponds, one logger in each of the fish ponds 
while the water treatment ponds had one logger on the bottom (1.7 metres) and another 0.2 
metre below the water surface. As with the water quality data, these data collection points are 
referred to as “surface” and “bottom” in the results. The loggers recorded temperature each 
hour, and daily maximum, minimum and average temperatures were extracted.  

.) To reduce stress and avoid 
disease problems, the fish were not handled when the water was cool. The fish were not fed the 
day before handling to reduce the chance of injury or stress. For the duckweed trial, total length, 
standard length and weight were recorded for 50 individual fish randomly captured from the 
population of 594 fish in each pond. For the lotus trial, 20 fish were randomly sampled from the 
population of 300 fish per pond, with the same measurements recorded. The fish were 
anaesthetised with Aqui-S prior to being measured and given a salt bath at 10 ppt before 
returning to the pond. All fish mortalities during the trial were recorded.  

Water lost from the ponds through evaporation or leakage was replaced and recorded by 
refilling using flow meters. Water exchanges (releases and refills) undertaken in the static ponds 
to maintain water quality were also measured and recorded. No water was released from the 
water re-use ponds into the surrounding environment.  

Water chemistry analysis was carried out fortnightly on water samples collected at 08:00h. One 
sample was taken from each of the fish ponds beside the pump intake, and one sample from 
each of the treatment ponds taken beside the top of the internal stand pipe returning the water 
to the fish pond. Parameters analysed were suspended solids, total nitrogen, total phosphorus, 
ammonia (NH3-N), nitrate and nitrite. Analysis of alkalinity, total calcium and total hardness was 
carried out each month. These parameters were analysed at Walkamin using a 
spectrophotometer and Hach brand reagents. All water samples were filtered to 0.45µm prior to 
analysis except for total nitrogen and total phosphorus. Supplementary NH3-N samples were 
taken if it was considered necessary to monitor fish health. Methodologies such as sample 
collection and storage of samples prior to analysis, were checked for errors and 
spectrophotometer accuracy confirmed by creation of standard curves. 
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Water for the ponds was sourced from Lake Tinaroo via the irrigation channel. As the alkalinity 
of the channel water was only 30 mg/l, 42 kg of agricultural lime was spread in each fish culture 
pond prior to filling. 

Water exchanges in the static fish ponds to reduce NH3

 

-N to less than 1 mg/l to maintain fish 
health (Rimmer 1995) were carried out after the fish had been fed. The pond water level was 
reduced by 20 cm and required approximately 37 000 litres to refill (approximately 15% water 
exchange). The ponds were refilled overnight using a flow meter to measure the volume 
required to refill the pond. It was judged that lowering the pond water level further than 20 cm to 
facilitate higher volumes of water exchange may stress the fish and lead to reduced food intake.  

Aquatic Plant Management 
 

Duckweed 

The duckweed to inoculate the water re-use treatment ponds was sourced from a local 
barramundi farmer’s ponds. The initial inoculation rate was approximately 0.2 kg of duckweed 
per square metre of culture bay surface using two species of duckweed Spirodela punctata and 
Wolffia angusta (identified by the Queensland Herbarium). Seed stock sourced locally will be 
well adapted to the local climate and two or more species of duckweed will increase the range 
of environmental conditions within which the crop will grow (Skillicorn et al. 1993).) It is not 
necessary or desirable to plan for a monoculture of a particular species (Zirschky and Reed 
1998). 

Duckweed was introduced into the two middle bays of the partitioned water treatment ponds 
(Fig. 4). As the water was pumped into the top or shallow end of the treatment pond, duckweed 
was not inoculated into this bay as the incoming water would disturb the duckweed mat. The 
bay at the deep (discharge) end of the pond was not inoculated to avoid the possibility of the 
duckweed blocking the pipes returning the water to the fish pond. 

An optimal base density of duckweed is required for nutrient recovery. Willett (2005) 
recommended an optimal base density of 1 kg/m2 equating visually to a complete coverage of 
the surface by a single layer of duckweed fronds, and a bay or cell size of 16 to 50 m2 for the 
growth of duckweed. As the bay size in this trial was 93 m2, larger than recommended by Willett 
(2005), a larger base density of 1.5 kg/m2 duckweed was selected to provide a complete cover 
with greater wind action over the larger bay size. The total area of the two bays populated with 
duckweed was 186 m2

The drained wet weight of duckweed in the pond was estimated bi-monthly by collecting and 
weighing six 0.25 m

 or 55% of the pond area. 

2 subsamples per bay. Once the base density of duckweed reached 1.5 
kg/m2

 

 excess duckweed above this biomass was removed and weighed. Removal of excess 
duckweed above the base density allowed the duckweed to continue growing and remove 
nutrients. At the end of the trial the total amount of duckweed in each pond was estimated by 
subsampling. 

Lotus 

Native lotus seed was sourced from Ross River in Townsville, Queensland. The seeds were 
germinated and planted into approximately 0.2 m depth of soil over the HDPE lining of each 
lotus treatment ponds. Lotus plants were allowed to cover the entire area of the re-use pond. 

As the trial commenced the re-use treatment ponds had an almost complete covering of lotus 
plants. The only removal of plant material from the lotus ponds during the trial was the minimum 
required to ensure the water outlet from the treatment ponds remained unblocked. 

A 48-hour monitoring of the nutrient levels was undertaken in February 2009 during the lotus 
trial to ascertain if there was diurnal variation in the dissolved nutrients in the fish ponds. Water 
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samples were taken every 2 hours and the following parameters measured: dissolved oxygen, 
pH, temperature, NH3-N and NO2

 

-N. All six fish ponds were monitored. 

Results 
Duckweed trial 

For reasons unknown, the first two attempts to inoculate the treatment ponds were 
unsuccessful. Duckweed was successfully introduced into the treatment ponds in May 2008 and 
the first harvest of duckweed took place in September 2008, 20 weeks later. A total wet weight 
of 4245 kg of duckweed including the base density was produced over the life of the trial. The 
growth rate was an average of 60.5 gm/m2/day from the base density of 1.5 kg/m2

Analysis by t-test showed no significant differences in individual fish weight (and therefore 
growth) (p=0.823), biomass (p=0.420) or survival (p=0.314) between the water re-use and static 
water pond treatments. Average individual fish weight across the replicates of 1886 g was 
achieved in the water re-use ponds, and 1880 g in the static water ponds. In the water re-use 
ponds, final survival was 95.8% and average pond biomass 33.4 tonnes per hectare equivalent. 
In the static water ponds final average survival was 92.9% and average biomass 32.4 tonnes 
per hectare equivalent (Table 4). Analysis showed survival over the winter period was 
significantly lower than the other three weigh periods (ANOVA, p=0.012).  

, measured 
from when the duckweed reached the desired base density. 

Increase in total fish biomass over the course of the trial is shown in Table 4. The average food 
conversion ratios (FCR) achieved over the course of the trial—1.38:1 for the water re-use 
treatment and 1.35:1 for the static water ponds—was not statistically significant (p=0.848) 
(Table 5). Table 5 presents the FCRs for the individual fish weigh periods. 

 

Table 4.  Average weight per fish and equivalent biomass in static and re-use ponds. 

Date Biomass (t/ha) Av. wt. (g) 

 Re-use Static Re-use Static 

08-Jan-08 7.64 7.62 414 410 

06-Mar-08 15.99 15.80 868 853 

25-Sep-08 26.05 23.76 1460 1360 

20-Nov-08 31.53 30.07 1800 1728 

09-Dec-08 33.37 32.40 1886 1880 

 

Table 5.  Cumulative survival and food conversion ratio (FCR) for barramundi in the static-water 
and reused-water treatments. 

Time interval Cumulative survival (%) FCR 

 Re-use Static Re-use Static 

8.Jan – 6.Mar.08 99.8 99.8 1.01 1.01 

6.Mar – 25.Sep.08 96.6 94.1 1.59 1.90 
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25.Sep – 20.Nov.08 96.3 93.7 1.52 1.30 

20.Nov – 09.Dec.08 95.8 92.9 1.37 1.19 

 

The average total water use for the static-water ponds over the course of the trial was 
1 727 547 litres and for the re-use ponds 1 351 786 litres, 21.7% less water than the static 
water ponds.  

Analysis of the nutrient data between each water re-use pond and its paired treatment pond 
showed the duckweed treatment ponds significantly reduced the levels of total ammonia, nitrite, 
nitrate and total suspended solids compared to the fish culture ponds (p<0.001). The average 
reductions after treatment for these nutrients were 52.3%, 55.7%, 61.8% and 38.1%. The 
average reduction in the level of phosphate was 13.7% but this was not a statistically significant 
difference (p=0.308). The average level of total nitrogen actually increased by 19.1% but again 
this was not significantly different (p=0.308). The variation between replicates of phosphate and 
nitrogen produced the non-significant result. 

Table 6 presents the maximum, minimum and average values of the nutrients measured in the 
duck weed treatment ponds and the paired fish culture ponds. The percentage nutrient removed 
by the duckweed treatment pond is also presented. The data were averaged across the 
replicates for the duration of the trial. 

 

 

 

 

Table 6.  Water quality values obtained in the duckweed treatment ponds and its paired fish 
ponds. 

 NH3 NO-N (mg/l) 2 NO-N (mg/l) 3

 
-N (mg/l) 

Fish Treatment Fish Treatment Fish Treatment 
Max 2.40 0.91 0.19 0.14 1.75 1.01 
Min 0.07 0.00 0.00 0.00 0.04 0.03 
Mean 0.54 0.16 0.05 0.02 0.47 0.20 
Mean % 
removed 

52.23 
(p<0.001) 

 55.69 
(p<0.001) 

 61.82 
(p<0.001) 

 

 

Table 6.  continued. 

 Total N (mg/l) PO4 TSS (mg/l)  (mg/l) 
 Fish Treatment Fish Treatment Fish Treatment 
Max 6.55 12.12 0.41 0.31 85.33 35.33 
Min 0.18 0.00 0.05 0.02 8.62 4.19 
Mean 2.99 3.38 0.20 0.13 25.68 11.97 
Mean % 
removed 

-19.11 
(p=0.308) 

 13.67 
(p=0.185) 

 38.10 
(p<0.001) 
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The duckweed treatment ponds were stratified for the duration of the trial. The average 
difference in daily water temperature for the three ponds from the surface (20 cm below the 
surface) to the bottom (1.7 metres below surface) was 1.6°C with a maximum of 3.9°C (Fig. 7). 

 

 
Figure 7.  Mean daily water surface and bottom temperature in the duckweed treatment ponds. 

 

Average daily water temperature in the water re-use and static water fish ponds were extremely 
similar (Fig. 8), indicating that the water treatment did not have any effect on the pond 
temperatures. 
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Figure 8. Mean daily water temperature for the duckweed water re-use and the static water fish 
ponds. 

 

Pond stratification increased over the course of the study, as demonstrated by dissolved oxygen 
(DO) levels (Fig. 9). Stratification became more pronounced as the duckweed cover grew to its 
maximum 55% pond coverage. There was a marked decrease in the bottom oxygen level from 
approximately 8 mg/l at the beginning of August to approximately 2 mg/l at the beginning of 
September when the duckweed mat was complete and the first duckweed removal took place. 
As the duckweed mat consolidated, from 1 November to the end of the trial, the bottom DO 
average was 0.4 mg/l with a maximum of 1.0 mg/l and a minimum of 0.1 mg/l. The average 
daily afternoon surface dissolved oxygen was 15.1 mg/l, with a maximum of 27.6 mg/l (Figure 
9). A saturated DO level of 8.8 mg/l at 18°C and the altitude at Walkamin of 594 metres 
indicates the duckweed treatment pond surface water was over-saturated in the afternoons. 

The pooled replicate surface pH values of the duckweed treatment ponds demonstrated a large 
diurnal fluctuation especially towards the end of the trial with a maximum pH of 10.5 (Fig. 10). 
The maximum daily pH change from morning to afternoon was 3.4 with and an average daily pH 
change of 1.3. 
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Figure 9.  Daily afternoon surface and bottom dissolved oxygen in the duckweed treatment 
ponds. 

 

 

 
Figure 10.  Daily surface pH values taken morning and afternoon in the duckweed treatment 
ponds. 
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Water quality values recorded in the fish culture ponds for the two treatments over the period of 
the trial (Table 7) showed no statistical differences between the treatments (p>0.05). All 
parameters listed in the table displayed a wide range of values, reflecting the changing 
circumstances the ponds experienced over the course of the trial. The temperature range of 
14.4 to 32.8°C reflects the changing seasons from summer to winter. NH3-N, NH3 and NO2

 

-N 
ranged from zero to 6.92, 2.41 and 0.31 mg/l respectively, as fish biomass increased. The 
maximum oxygen level of 25.85 mg/l was well above dissolved oxygen saturation levels 
demonstrating algal photosynthesis in the ponds. This is supported by the maximum pH of 
10.35. 

Table 7.  Maximum, minimum and mean water quality values experienced in the grow-out of the 
barramundi during the duckweed water re-use trial. 

 NH3-N (mg/l) NH3 (mg/l) NO2-N (mg/l) TSS (mg/l) 
 Re-use Static Re-use Static Re-use Static Re-use Static 

Max 3.13 6.92 0.51 2.41 0.21 0.31 108.00 148.00 
Min 0.01 0.00 0.00 0.00 0.00 0.00 8.20 4.00 
Mean 0.54 1.15 0.11 0.20 0.04 0.09 25.68 44.17 

 

Table 7 - continued. 

 Alkalinity (mg/l) Oxygen (mg/l) pH Temp (°C) 
 Re-use Static Re-use Static Re-use Static Re-use Static 

Max 105.00 95.00 25.85 21.42 10.18 10.35 32.5 32.8 
Min 35.00 10.00 1.87 1.90 6.69 5.65 14.4 14.5 
Mean 60.82 52.25 9.57 9.36 8.11 7.92 24.1 24.3 

 

 

Lotus trial 

There were no significant differences in individual fish weights, (p = 0.884), biomass in ponds, 
(p = 0.910) or survival (p = 0.391) between the treatments of water re-use and static water. 
Average individual fish weight across the replicates of 3155 g was achieved in the water re-use 
ponds, while the static water fish ponds achieved 3181 g. In the water re-use ponds a final 
survival of 99.7% and average pond biomass of 29.5 tonnes per hectare equivalent were 
achieved. In the static ponds a final average survival of 99.4% resulted in an average biomass 
of 29.7 tonnes per hectare equivalent. Table 8 presents the cumulative survival data for the fish 
weigh periods and the FCR values. Table 9 presents the fish growth measured over the period 
of the trial with a calculated biomass. 

The food conversion ratios (FCR) achieved over the total period of the trial was 1.60:1 for the 
water re-use treatment and 1.75:1 for the static water ponds. This difference was not significant 
(p = 0.666). 

 

Table 8.  Survival and food conversion ratio (FCR) for the individual weigh periods for the two 
treatments of the lotus trial. 

Interval Cumulative survival FCR 
 Re-use Static Re-use Static 
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15.Jan – 12.Mar.2009 99.8% 99.8% 1.60 2.14 
12.Mar – 7.May.2009 99.7% 99.4% 1.61 1.48 

 

Table 9.  Average individual fish weight and equivalent biomass for each of the two treatments 
of the lotus trial. 

Date Biomass (t/ha) Average Wt. (g) 
 Re-use Static Re-use Static 
15.Jan2009 20.5 21.3 2183 2273 
12.Mar.2009 25.0 24.8 2668 2648 
7.May.2009 29.5 29.7 3155 3181 

 

The average total water usage of the replicates for topping up water in the re-use ponds was 
167 449 litres, and the static water ponds water changes used 446 683 litres. Thus, the water 
re-use ponds used 62.5% less water than the static water ponds.   

Analysis of the nutrient data showed that the lotus treatment ponds significantly reduced the 
levels of all nutrients from the paired fish ponds. The average reductions of NO2-N and NO3-N 
were 87.5% and 91.9% respectively, while NH3-N, and total nitrogen reduced by 45.4% and 
35.7%. The reduction in PO4

 

 and total suspended solids was less: 19.6% and 33.0% 
respectively. Table 10 presents the maximum, minimum and average values, as well as the 
mean percentage of nutrient removed from the lotus treatment ponds and the paired fish culture 
ponds.  

Table 10.  Water quality values obtained in the lotus treatment ponds and the paired fish ponds. 

 NH3 NO-N (mg/l) 2 NO-N (mg/l) 3

 
-N (mg/l) 

Fish Treatment Fish Treatment Fish Treatment 
Max 2.63 2.33 0.08 0.02 1.60 0.22 
Min 0.214 0.02 0.00 0.00 0.18 0.03 
Mean 0.77 0.46 0.03 0.00 1.60 0.05 
Mean % 
removed  

45.39 
(p<0.001) 

 87.48 
(p<0.001) 

 91.90 
(p<0.001) 

 

 

Table 10 - continued 

 Total N (mg/l) PO4 TSS (mg/l)  (mg/l) 
 Fish Treatment Fish Treatment Fish Treatment 
Max 11.69 7.14 1.96 2.16 37.50 28.40 
Min 0.00 0.00 0.71 0.52 5.60 0.80 
Mean 3.47 1.69 1.22 0.96 14.14 7.33 
Mean % 
removed  

35.68 
(p=0.030) 

 19.59 
(p=0.005) 

 32.95 
(p=0.058) 

 

 

The temperature in the lotus treatment ponds demonstrated stratification, but this decreased 
towards the last month of the trial (Fig. 11). The difference in average daily water temperature 



45 

for the 3 ponds from the top (0.2 metres below the surface) to the bottom (1.7 m below surface) 
was 0.8°C with a maximum of 2.1°C. 

 
Figure 11.  Mean daily surface and bottom temperature in lotus treatment ponds. 

 

The pooled replicate afternoon dissolved oxygen data (Fig. 12) demonstrates stratification in the 
lotus treatment ponds. The average daily difference between top and bottom was 2.4 mg/l with 
a maximum difference of 6.1 mg/l. The maximum bottom dissolved oxygen during the trial was 
0.6 mg/l with a minimum of 0.1 mg/l. The average was 0.3 mg/l. The maximum afternoon 
surface dissolved oxygen was 6.3 mg/l, demonstrating that oxygen over- saturation did not 
occur. 

The pooled replicate surface pH values in the lotus treatment ponds (Fig. 13) demonstrated only 
a small diurnal fluctuation especially towards the end of the trial. The maximum pH daily change 
was 0.8, with an average change of 0.2. The maximum pH in the lotus treatment ponds for the 
duration of the trial was 7.5. 
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Figure 12.  Daily afternoon surface and bottom dissolved oxygen in the lotus water treatment 
pond. 
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Figure 13.  Surface daily pH measured morning and afternoon in the lotus treatment ponds. 

 

Daily average temperature in the water re-use and the static fish ponds are shown in Fig. 14. 
Minimum, maximum and mean daily temperature differences between the two pond types were 
0.2°C, 1.1°C and 0.7°C, respectively.  

 

 
Figure 14. Mean daily water temperature for the lotus water re-use fish ponds and the Static 
fish ponds. 

 
The average daily temperature of the pooled lotus treatment ponds was 1.9°C lower than the 
paired water re-use fish ponds. The maximum was 3.3°C cooler in the lotus ponds to the fish 
ponds demonstrating the cooling effect of water treatment by shading by the lotus on water 
temperature of the ponds. 

 

Water quality values experienced in the fish culture ponds for the treatments over the period of 
the trial are listed in Table 11. Statistical analysis demonstrated there were significant 
differences for NH3, NO2-N, TSS and alkalinity, while NH3

 

-N, dissolved oxygen, pH and 
temperature were not significantly different. The maximum values attained of 2.6 mg/l for the re-
use treatment and 6.3 mg/l for the static treatment demonstrate less variation in the re-use 
system than in the static system. Maximum oxygen values in both the water re-use fish ponds 
and the static water fish ponds of 20.8 mg/l and 20.0 mg/l respectively demonstrate algal activity 
in the water as these values are above dissolved oxygen saturation levels. The value of 20.8 
mg/l oxygen in the water re-use fish ponds contrasts with the maximum dissolved level of 6.3 
mg/l in the lotus treatment ponds (Fig. 11). 
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Table 11.  Maximum, minimum and average water quality values experienced in the growout of 
the barramundi in the lotus trial. 

 NH3 NH-N (mg/l) 3 NO (mg/l) 2 TSS (mg/l) -N (mg/l) 
 Re-use Static Re-use Static Re-se Static Re-use Static 

Max 2.67 6.34 0.27 0.49 0.08 0.86 37.50 60.00 
Min 0.05 0.01 0.00 0.00 0.00 0.01 5.60 9.50 
Mean 0.70 

(p=0.110) 
1.05 0.05 

(p=0.013) 
0.10 0.03 

(p<0.001) 
0.12 14.14 

(p<0.001) 
31.16 

 

Table 11 – continued. 

 Alkalinity (mg/l) Oxygen (mg/l) pH Temp (°C) 
 Re-use Static Re-use Static Re-use Static Re-use Static 

Max 70.00 45.00 20.77 20.07 10.15 10.24 31.2 32.9 
Min 30.00 20.00 4.10 2.72 6.54 6.36 20.4 21.1 
Mean 45.42 

(p=0.042) 
35.42 7.85 

(p=0.085) 
8.76 7.52 

(p=0.546) 
7.61 26.3 

(p>0.05) 
27.00 

 

48-hour nutrient monitoring trial  

Results of the 48-hr monitoring showed there was a clear 24-hr cycle for NH3-N and NH3, but 
no clear cyclic trend was detected for NO2-N. NH3-N peaked 10-14 hours after the fish were fed 
while NH3

 

 peaked shortly after the feed at 16:30. Full results are presented in Appendix 2. 

 

Discussion 
 
Duckweed 

The results presented show there was no difference in fish growth, survival or FCRs between 
water re-use through duckweed ponds and static fish ponds, demonstrating that water re-use 
did not have any effect on the fish. Water use savings of 21.7% was achieved by water re-use, 
demonstrating that water re-use can be used to make water savings without comprising fish 
production. 

The growth rates of the barramundi was comparable to industry standards (Michael 
Heidenreich, pers. comm.), and the biomass of 33.3 t/ha achieved in the water re-use treatment 
was above industry average yields of 20.7 t/ha in 2007-2008 (Lobegeiger and Wingfield 2009) 

FCRs were comparable to research standards and less than commercial farm conditions of 1.6-
1.8 (Barlow et al. 1996). The FCR values of 1.9:1 recorded during the winter period of this trial 
is comparable with Barlow et al. (1996) who reported that FCRs often exceed 2.0:1 during 
winter. 

The high level of survival demonstrated that the barramundi coped well with pond conditions. 
The proportionally greater drop in survival occurred during the winter period indicating that 
temperature may have the greater influence on mortalities. Cheong (1989 citing Kungvanki et 
al. 1984) found mortalities to rise when temperatures drop below 20°C over prolonged periods, 
and for barramundi to die within minutes when water temperature drops to 15°C (Cheong 1989 
citing Wu pers. comm. 1989). The minimum temperature in this trial was 14.4°C (Table 3), the 
daily average temperature was below 20°C for 3 months (Fig. 9). Despite this, the lowest 
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survival in the treatments at the end of the trial was still 92.9%, indicating the fish survived these 
low temperatures well. 

The wide pH range of 5.65 to 10.35 experienced in this study contrasts with Rimmer and 
Russell (1998) optimum ph range for barramundi of 7.5 – 8.5 with a minimum limit of >4, with an 
upper limit not quoted. The average pH recorded in this study was 8.01, which is within the 
optimum range quoted. 

The average NH3-N value for the duration of the trial in the static ponds was 1.15 mg/l which 
corresponds to water changes being undertaken when NH3

The maximum toxic NH

-N values were >1 mg/l. 

3 (un-ionised ammonia) recorded in this study was 2.41 mg/l with an 
average 0.20 mg/l in the static ponds, which is well above the recommended upper limit of 
<0.46 and an optimum of 0 mg/l (Rimmer and Russell 1998). Since the level of NH3 in the water 
increases with increasing pH and temperature (Boyd 1979), the amount of NH3 will vary in a 
diurnal cycle. Thus the fish would not have been continually exposed to the maximum level of 
NH3

Rimmer and Russell (1998) quote a turbidity limit value of <10 ppm. This study had total 
suspended solids (TSS) maximum of 148 ppm with an average of 44.17 ppm. The TSS in the 
fish ponds was mainly due to algae which also lead to the wide range of pH values and high 
maximum dissolved oxygen levels in the fish culture ponds. 

 in the water. 

The health and condition of the fish relate directly to their ability to cope with suboptimal 
conditions. The fish in this study were in healthy condition throughout the trial, including the 
winter period when the fish are more susceptible to health issues. The development of better 
nutrition may allow the fish to cope with colder water temperatures (Williams et al 2006). Better 
nutrition may also assist the fish’s ability to tolerate a wider range in other water quality 
parameters. 

Water savings of 21% were achieved in this trial, even though water losses through 
leakage/evaporation were greater in the water re-use ponds due to double the pond area 
compared with static ponds (Fig. 4). Greater water savings would also be made the longer the 
fish were cultured. Experimental procedure required water re-use to be implemented from the 
beginning of the trial, even though water quality was still in acceptable limits. On a commercial 
farm water/energy savings can be made by modifying water management practices following 
those used here. At the beginning of the crop when fish biomass is low, natural plankton in the 
pond have sufficient capacity to assimilate toxic ammonia. Implementing water re-use only 
when water quality deteriorates will save on pumping costs and limit evaporation/leakage losses 
from the water treatment area. 

Duckweed production of 60 g/m2/day in this study is well below the 175 gm/m2/day from a base 
density of 1 kg/m2 reported by Willett (2005). Skillicorn et al. (1993) reports growth of between 
50 and 150 g/m2/day from a base density of 600 g/m2

A diurnal pH peak of 10 is possible in ponds only partially covered with duckweed because of 
algal activity (Zirschky and Reed 1988). A complete duckweed crop cover suppresses algal 
growth, which minimizes CO

, comparable with the results of this study. 
Duckweed growth is limited by availability of nutrients, as well as environmental and water 
quality conditions. The published studies used municipal waste waters to grow the duckweed, 
which could have different water quality parameters to the aquaculture waste water used in this 
study, giving different growth results. 

2

Figures 9 and 10 demonstrate dissolved oxygen was over-saturated in the afternoon and pH 
fluctuated daily up to 3.4 units, indicating algal activity in the duckweed treatment ponds. Since 
water samples were not filtered prior to total N and P analysis (see Methods), the analysis of the 

 production from algal respiration and its elevating effect on pH 
(Skillicorn et al. 1993). The results of this trial (Fig. 8) showed a maximum pH of 10.5 and a 
daily average pH variation of 1.3 indicating algal growth. This is supported by the afternoon 
dissolved oxygen levels above saturation (Fig. 7). Algal production in the duckweed ponds 
would have contributed to the nutrient removal and results may be different with a complete 
duckweed cover. 
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samples would include algae contained in the sample. This may explain the increase of N by 
19% (Table 6) from the fish pond to the treatment pond. 

Removal of N in duckweed-covered systems can be attributed to N uptake by duckweed, 
microalgae in the water column and the attached biofilm on the duckweed and walls of the 
system, as well as coupled nitrification-denitrification by these biofilms (Korner et al. 2003). 
Zirschky and Reed (1988) found that most of the biological activity in a duckweed pond is 
caused by the microbial and other flora suspended in the water column. This supports the 
recommendation of the mid-term review team to investigate naturally occurring pond blooms for 
bioremediation.  

Most of the references published on duckweed water treatment systems relate to treating 
effluent from municipal systems, intensive livestock systems and processing industries for 
returning waters back to natural systems. Little work has been carried out on a botanical 
approach to the treatment of aquaculture wastewaters (Redding et al. 1997). Because of this 
emphasis on municipal wastewater discharge to the environment, research has focused on the 
removal of total nitrogen and phosphorus. Although this would also be the case if aquaculture 
effluent water were to be released back to the natural waterways, water returned to fish culture 
systems require other water quality parameters to be monitored, such as NH3

Further research into duckweed as a water treatment for aquaculture is required to answer 
points raised in this discussion. A full cover of duckweed may lead to better nutrient absorption, 
less water evaporation and a stable pH. However, it may also lead to high hydrogen sulphide, 
low dissolved oxygen and lower water temperatures. The addition of a treatment area to aerate 
the water before returning to the fish culture pond may overcome these water quality issues. 
Research into retention times along with the ratio of treatment area to biomass of animals could 
lead to greater profitability of the system. 

-N, which can be 
toxic to fish at higher levels. While Willett (2005) concentrated on retention time for removal of 
total nitrogen, Porath and Pollock (1982) reported a retention time of less than 48 hours to 
remove 80% of ammonia using duckweed in tank recirculating aquaculture systems. As 
retention time is controlled by the volume of the treatment pond, a shorter retention time 
required will allow for a smaller volume of treatment in relation to the fish culture pond. This 
would be an area for further research. 

Uses for duckweed as an animal feed is well documented. Bio-Tech Waste Management Pty 
Ltd (1998) trialled duckweed as a feed for chickens, ducks, sheep, fish and abalone. While 
numerous papers promote duckweed as a low-cost feed for tilapia (Hassan and Edwards 1992, 
Skillicorn et al. 1993), none have actually compared costs of duckweed production to other feed 
sources. In developing countries where feed ingredients may be unobtainable and labour is the 
only commodity, duckweed may be a viable feed source to provide protein. This may be 
relevant to highland PNG, where protein supplies are short. 

If duckweed is to be considered as a treatment option for aquaculture water, a viable means of 
harvest and use of the freshly harvested product would need to be developed. 

 

Lotus trial 

The lotus trials showed that water re-use using lotus does not affect the growth, survival and 
food consumption of the fish but significantly reduces water usage. 

As with the duckweed trial, the lotus trial produced a fish biomass greater than industry 
standards of 20 tonne/ha (Lobegeiger and Wingfield 2009). FCRs of 1.6 were above research 
standards of 1.0 - 1.2:1 but comparable with commercial farm conditions of 1.6 - 1.8 (Barlow et 
al. 1996). The initial starting weight of the fish was 2.2 kg with a final weight of 3.1 kg. The 
literature does not report data on FCRs of barramundi grown this large.  

Although survival was very high (>99%) over the course of the trial, the trial did not continue 
over a winter period and the minimum water temperature was above 21°C; the fish were 
therefore not subjected to the stresses of cooler water experienced in the duckweed trials. 
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Water savings of 62.5% were made in this trial by water re-use through the lotus treatment 
ponds. Some 14% of these savings were due to reduced evaporation because of lotus plant 
coverage of the water surface (Seymour et al. 2009).  
The lotus treatment ponds were about 2°C cooler than the paired water re-use fish ponds, 
possibility due to shading of the water by the lotus vegetation. Daily pH variation was low, 
especially towards the end of the trial. The lotus cover completely shaded the pond, reducing 
algal growth, as shown by the constant level below saturation of dissolved oxygen, indicating 
the lack of algae, and consequently photosynthesis in the water body. As this trial did not 
continue through a winter period, further research would be needed to ascertain the water 
temperature differences during winter and the effect on barramundi growth and survival. 
Pumping times may need to be altered to prevent the water temperature in the fish pond being 
lowered by cooler water from the treatment pond; for example, pumping early morning when the 
temperature difference of all the ponds is least. 

Kanabkaew and Puetpaiboon (2004) report after a retention time of 5.4 days lotus removed 
52% total nitrogen, 80% NH3

The significant differences in the mean of NH

-N, 55% total phosphorus and 67% of suspended solids from 
domestic wastewater. Removal from aquaculture water for these same nutrients in this study 
were 57%, 40%, 24% and 31% respectively, while Seymour (2009) reported 32%, 28%, 35% 
and 44% respectively. The greater nutrient removal reported by Kanabkaew and Puetpaiboon 
(2004) may be the result of greater retention time—3.5 days in this study and for Seymour 
(2009). 

3, NO2-N and TSS between the water re-use and 
static fish ponds demonstrate the treatment ponds are efficient in removing these nutrients. The 
difference in alkalinity demonstrates the flushing effects of the water changes in the static 
ponds. Although the means of NH3-N are very similar, the maxima and minima show greater 
variation in the static ponds than the re-use ponds. This is the result of the static fish ponds 
receiving batch water changes periodically when required to replace evaporative water loss, 
while the re-use fish ponds received a water treatment every day. The mean of NH3-N in the 
static ponds of 1.05 mg/l compares with water changes being carried out when NH3

 

-N was 
above 1.0 mg/l. 
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7.4 Activity 2.1: Collect freshwater crayfish from the Fly River 
catchment and evaluate growth and production 
characteristics. 

 
Introduction 
Redclaw crayfish are very suited to aquaculture, especially for subsistence-based cultures, as 
they are herbivores and can be cultured on inexpensive and locally available feeds. They are 
prolific breeders and breed naturally in ponds without the need for expensive facilities. They are 
less aggressive than other species of crayfish, allowing them to be cultured in high densities. If 
kept cool and moist they will live out of water for 24 to 48 hours allowing for easy transport to 
market. A small industry exists in Queensland producing 100 tonne per annum (Lobegeiger and 
Wingfield 2009). 

Uses of crayfish at village level are for direct consumption by the farmer, sale at markets, or as 
a feed source for other fish species. As refrigeration is generally unavailable in PNG, having an 
aquatic animal that survives out of water has great benefits as it will not perish when taken to 
market for sale. 

 

Methods 
Broodstock were purchased from local fishermen at Kiunga by OTDF staff and stocked into a 
pond at the Trust Yard. Procedures for the culture of the redclaw crayfish were adapted from 
Jones (1990). The perimeter of the pond was fenced with a sheet metal barrier to prevent the 
crayfish walking from the pond. The pond was provided with aeration overnight and for 2 hours 
starting at midday to prevent temperature stratification. Fifteen habitat structures were also 
provided. The structures consisted of six 40-mm diameter PVC pipes, 300 mm in length 
bundled together lengthwise, with one pipe filled with concrete to weigh the structure to the 
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bottom. As the pond was being filled approximately 10kg of dry grass was put into the pond. 
Supplementary feeding to the natural pond production was supplied with locally sourced 
chicken pellets. Feed trays were used to judge feeding requirements. Dissolved oxygen and pH 
were measured daily with alkalinity measured when required, such as after heavy rain. 
Temperature loggers were installed to record the water temperature. After 3 to 4 months the 
pond was drained to ascertain the level of recruitment. 

Particular attention was paid to the alkalinity of the pond water to ensure it was above 40 mg/l, 
and pH remained in the 6 to 9.5 range. Close observation was made each morning to detect 
crayfish mortalities. 

 

 

Results 
Three attempts were made to establish a breeding population of redclaw in a pond at the Trust 
Yard. Only limited numbers of broodstock were available from the local people due to adverse 
river conditions at the time broodstock were required. The first pond stocking was with a 
breeding nucleus of approximately 20 crayfish. The male to female ratio was not recorded. Four 
months after stocking the pond was drained revealing no stock left in the pond and no 
exoskeletons visible from deceased crayfish. After two failed attempts possible reasons for the 
failures were investigated. Possible causes were: theft, removal by predators, escapes due to 
inadequate pond fencing and outlet screening, poor water quality and high water temperatures. 

To determine whether water quality was the problem a population of crayfish was held in a 2-
tonne hatchery tank supplied with bore water used to fill the ponds. Water temperature was 
recorded and heaters installed to keep the water temperature above 24°C. The tank was 
stocked with 10 females and 6 males in January 2009. Periodic inspection of the crayfish 
revealed females becoming berried and juvenile crayfish being produced. The tank trial was 
terminated at the beginning of September 2009. The maximum water temperature reached in 
the tank was 30.4°C with a minimum of 24.2°C and an average of 27.6°C. 

Prior to stocking the pond with broodstock crayfish for a third time, the other possible reasons 
for a population failing to establish were assessed. As the Trust Yard has a strong security 
presence and fish in the neighbouring ponds did not disappear, theft was unlikely. Predatory 
birds were not observed at the ponds by OTDF staff or security officers. Water rats (Hydromys 
chrysogaster) were considered a possibility, but there was no evidence of these—for example, 
crayfish shells at feeding stations. A mammal trap was set for two weeks at different locations 
around the pond and compound, but nothing was caught. 

All possible escape areas around the walkway and inlet pipes in the 300 mm high metal fence 
surrounding the pond were checked and reinforced as required. A robust outlet screen was 
constructed and fitted to the internal stand pipe of the pond. 

The pond was restocked on 4 September 2009 with 13 females and 10 males along with 30 
juveniles weighing 5 to 10 g bred in the tank trial. 

When the pond was drained on 27 November 2009 no crayfish were recovered from the pond. 
Only one mortality was recorded five days after stocking. No other evidence of mortality or 
predation was observed. The mammal trap was set in the bottom of the empty pond directly 
after draining and the pond bottom was inspected in the morning after draining for evidence of 
mammal footprints without success. With no evidence of predation and no crayfish exoskeletal 
remains, and strong security, the cause of disappearance remains unresolved.  

 
Discussion  

Maximum water temperature reached during this period was 36.2°C with a minimum of 25.7°C 
and an average of 31.0°C. Jones (1990) suggests 34°C as the upper limit for good growth in C. 
quadricarinatus in Australia. As the scoping study was coming to an end OTML staff stocked 
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crayfish into ponds leased by OTML at Tabubil. These crayfish survived and reproduced in the 
ponds, which attained maximum water temperatures of 32°C. Due to landholder issues, 
however, these ponds became unavailable to the project staff. The survival of crayfish in 
Tabubil under different environmental conditions than at Kiunga would suggest the nil survival in 
ponds experienced in Kiunga may be due to geographic variation in environmental conditions, 
especially water temperature. 

To solve the mystery of the disappearing crayfish, the plan was to contain the crayfish in 
submerged wire mesh cages, and to prepare a pond at the Western Province location at 
Samagos to culture crayfish as well. However, as the project was terminated prematurely these 
activities did not eventuate. Clearly, the fate of the crayfish must be resolved for crayfish 
farming to have any prospects of success. 
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7.5 Activity 2.4: Investigate hatchery characteristics, production 
performance and aquaculture potential of two strains of 
Macrobrachium rosenbergii in Australia 

 

Introduction 
This activity linked in with a John Allwright Fellowship granted to Ms. Malwine Lober who 
researched improving hatchery and nursery techniques for the Australian strain of 
Macrobrachium rosenbergii. 

 

Methods 
Broodstock were collected by DEEDI Walkamin staff from Mitchell River, north Queensland, and 
sent to the Marine and Aquaculture Research Facility Unit (MARFU) at the James Cook 
University (JCU) Townsville campus. 

Broodstock management, larval and nursery culture for several hatchery runs of the Australian 
strain of M. rosenbergii were conducted at MARFU. Nursery culture of two batches of 
postlarvae and growout trials were conducted in ponds at Walkamin Station; JCU personnel 
travelled regularly to the site to monitor crayfish growth. 

 

Results and Discussion 
Broodstock maintenance and conditioning. 

Research was conducted on reproductive seasonality, conditioning, fecundity and nodavirus 
disease of M. rosenbergii. Out-of-season spawning and an attempt to close life cycle were also 
researched. The life cycle of M. rosenbergii was fully closed in 2008, since hatchery production 
in 2009 came from broodstock that was of last year’s hatchery-produced postlarvae reared in 
the DEEDI ponds at Walkamin.  
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Attempts to induce of out-of-season spawning of M. rosenbergii by temperature and 
photoperiod manipulation achieved relatively limited success. 

 

Larval culture 

Hatchery-based research focused on comparison of ‘green water’ vs ‘clear water’, and the 
effects of different algal concentrations in ‘green water’ culture. Three other factors were also 
investigated: Artemia enrichment, larval stocking density and water exchange procedures. 
Optimal procedures for acclimation of postlarvae to freshwater was also researched. A trial on 
culture of larvae at extra low salinity (~3-5 ppt) has shown that it has limited impact on larval 
survival. 

Hatchery-based research focused on comparison of ‘green water’ vs ‘clear water’, and the 
effects of different algae concentration in ‘green water’ culture. Results showed that larval 
survival to post larvae (PL) at the two higher algae concentration of 12.5 and 25x105 cells/ml 
was 70.8% and 63.3%. This was significantly higher (P<0.05) than those of lower algae 
concentrations of 2.5 and 6.25x105

 

 cells/ml and the ‘clear water’ treatments (survival of 26.7, 
35.0 and 30.0% respectively). Artemia enrichment vs. no enrichment was tested with the results 
showing enriched artemia did not affect survival to PL.. Optimal procedures for acclimation of 
postlarvae to freshwater was also researched. A trial on culture of larvae at extra low salinity of 
3-5 ppt has shown that it has limited impact on larval survival. 

This research has resulted in two published papers and two papers in preparation. 

 

Published papers: 

Lober M. and Zeng C. 2009 Effect of microalgae concentration on larval survival, development 
and growth of an Australian strain of giant freshwater prawn Macrobrachium rosenbergii. 
Aquaculture 289, 95-100. (Appendix 3) 

Owens, L., La Fauce, K., Juntunen, K., Hayakijkosol, O., Zeng, C. (2009) Macrobrachium 
rosenbergii nodavirus disease (white tailed disease) in Australia. Diseases of Aquatic 
Organisms 85, 175-180. (Appendix 4) 

 

Papers in preparation: 

Effect of stocking density on growth and survival of Australian Macrobrachium rosenbergii (de 
Man) newly settled post larvae. (Appendix 5) 

The effect of enriched Artemia nauplii on survival and development of an Australian strain 
Macrobrachium rosenbergii. (Appendix 6) 

 

Hatchery production 

Three hatchery runs in 2007 (15 Feb to 20 April, 2007) produced 150,000 postlarvae using 
broodstock from the wild, and also achieved the following: 

- High survival rates of > 85%.  

- Substantially shorter hatchery cycle compared to Western strains (which originated from 
S.E. Asia and have been cultured worldwide), 22-26 days vs. 32-35 days. 

- Synchronized larval development, on the day of harvesting only 1-2% remained at larval 
stages. 

- High productivity, outputs of postlarvae (PL) as high as 170 PL/litre culture water. 
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In 2008, four hatchery runs (27 Feb to 16 May) were conducted producing larvae hatched from 
broodstock produced from the Walkamin ponds the previous year. Thereby closing the life cycle 
using hatchery bred broodstock. However, survival (40-68%) was generally lower than 2007 
when wild broodstock were used. Postlarvae were harvested 25 to 35 days after hatching, 
whereas in 2007 it was 22 to 26 days. Inbreeding could have significantly impacted on the larval 
quality. A total of 65,000 postlarvae were produced. These will be used for stocking ponds at a 
barramundi farm to test growth and survival in farm conditions. 

 

Growout 

Growout conducted at DEEDI Walkamin ponds in 2007 showed that the Australian M. 
rosenbergii strain can survive temperatures as low as 15°C and is capable of reaching a 
maximum weight of about 200 g in a 10-month growout period. This included 4 winter months of 
average temperatures around 20°C or lower, when little growth is expected. Another interesting 
finding is that the majority of prawns appear to form two very distinct size groups of large size of 
average 70 g and small size of average of 4 g; this is different from what has been reported for 
the Malaysian strain, and suggests that better management is likely to further improve the 
productivity. 

 

7.6 Activity 3.1: Establish model farms for trialling and 
demonstration of culture techniques for various species 

 

Introduction 
Western Province staff took the lead role, with support from OTDF staff, in setting up the model 
farms, as the OTDF staff did not want the project to be perceived as a solely Ok Tedi project. It 
was also planned that the Western Province government would take over this area of work as 
the mining company reduced its input leading up to the planned 2013 mine closure. The in-
country staff would transfer the skills and knowledge acquired by culturing fish in the Samagos 
and Trust Yard ponds to the model farmers. 

 

Methods 
Five model farms were selected by Western Province staff and the farmers attended workshops 
hosted by the in-country partners, in preparation for becoming the model farms. A preliminary 
workshop was held in December 2007 by Western Province and OTDF staff at Kiunga to 
highlight the process, roles and responsibilities of all involved. The workshop focused on 
explaining the objectives of the ACIAR native fish project, the expected outcomes and the role 
of the model farms. 

This preliminary workshop was followed up with a four-day workshop conducted by the in-
country staff at Samagos in March 2008 to train the five selected farmers in native fish 
aquaculture. All aspects of fish farming were covered with an evaluation questionnaire 
completed by the participants on completion of the workshop. Reports on the two workshops 
prepared by in-country staff are attached as Appendix 7. 

Fish stocks bred at Samagos were used to supply farmers with stock for their ponds. Sleepy 
cod were distributed by Western Province staff to four farmers in the Kiunga area in February 
2009. Due to transport difficulties and other logistical issues, herring were not stocked in the 
ponds as a food source with the sleepy cod. 

Fly River herring were distributed to two farmers in the Tabubil area by OTDF staff in June 
2009. These farmers were not original model farmers, but it was considered beneficial to also 
select farmers away from rivers where the need for farming is greater than near rivers where 



57 

wild fish are still available. These herring stockings were to be future broodstock for further 
breeding in the ponds. Locations and fish stocking is presented in Table 12. 

 
Table 12. Fish stocking details on six farms in PNG. 

Village Date # farms Pond size Species # stocked per pond 
Gii Feb 2009 3 5 x 10 m Sleepy cod 50 
Grengas Feb 2009 1 5 x 10 m Sleepy cod 50 
Wangbin Jun 2009 1 8 x 10 m Herring 20 
Kwiloknai Jun 2009 1 10 x 15 m Herring 20 

 

Results and Discussion 
A site visit was made in December 2009, just prior to the early completion of the project, by 
Kaupa Kia, Johnson Karl, Noel Tonko and Peter Graham to Dasi Tukowre and Moki Sipe farms 
at Gii. The sleepy cod were harvested with survival rates of 37% and 77% recorded 
respectively. From an average total length (T.L.) of 30 mm at stocking, average T.L. of 125 mm 
and 113mm were recorded respectively. Growth was very poor with the fish growing a 
maximum of 95 mm in approximately 10 months. Water quality was not ideal, with pH values of 
5.3 and 4.75 respectively on the two farms at the time of the visit. The farm with the lower pH 
experienced higher survival but slower growth.  

Dasi’s pond also contained 20 purple spotted gudgeons (Mogurnda sp.), 2 redclaw crayfish and 
3 swamp eels (Ophisternon sp.), while Moksi’s pond contained a 50mm T.L. snakehead 
(Channa striata). These fish would have entered the ponds during heavy rain from nearby 
natural water courses. 

Information on the herring stockings was difficult to collect as the decision to end the project 
was made and transport to visit these farmers was unavailable. In December 2009, the 
Wangbin farmer reported to OTML staff that he had recently observed the herring in his pond, 
but it was unknown if the herring had bred there. No information was available from the 
Kwiloknai farmer on the status of the herring stocked to his pond.  

Poor site selection of the model farmers’ ponds was the main impediment to more successful 
results. The ponds were constructed in low-lying swampy ground surrounded by sago palms. 
The water supply to one pond was from ground water seeping into the pond. As previously 
reported the pH of the pond water was low. Failure to stock the herring with the sleepy cod as 
food also inhibited sleepy cod growth. With hindsight greater guidance from the Australian 
project staff was required to ensure greater success of the farm stockings. Better guidance with 
site selection would have increased the success of fish culture as well as ensuring that the 
ponds were located in areas where the people would benefit the most. Greater guidance with 
the fish stockings and husbandry would have also led to better production from the ponds, 
although at the time of the early termination of the project transport difficulties was an 
unresolved problem. These issues were identified, and if the project had continued, changes 
would have been made to increase the achievements by the original project finish date. 

 

7.7 General Discussion 
 

Evaluating the suitability of several fish species for aquaculture in the PNG village setting, as 
used in this study, is useful for giving first evidence of the suitability of fish species for 
aquaculture in Papua New Guinea. Future technical assistance in the Western Province should 
use the results of this study to focus on the species that are best suited. In the rearing trials of 



58 

carnivorous species, it was intended to feed these species with Fly River herring co-cultured in 
the same ponds. This was not successful because of high pond mortality of the herring during 
dry periods, or in transport by farmers to the model farms.  

It therefore has not been established whether co-culture of carnivorous species with their food 
species is feasible; for example, it is not known whether herring production in ponds can keep 
up with predation rates to maintain production of the carnivorous species (e.g., sleepy cod). 
Unless co-culture can be achieved, future pond culture efforts in PNG village communities 
should focus on omnivorous or herbivorous species, since pond culture of carnivorous fish 
species in the PNG village context may be difficult because of the scarcity of available animal 
proteins for either direct feeding or for pelletised feeds.  

It is evident also that the technical, logistic and/or social problems associated with developing 
fish farming had not been sufficiently overcome by the project prior to engaging with villagers to 
set up the model farms. Poor site selection of the model farmers’ ponds was the main 
impediment to more successful results. The ponds were constructed in low-lying swampy 
ground surrounded by sago palms. The water supply to one pond was from low-pH ground 
water seeping into the pond. Failure to stock the herring with the sleepy cod as food also 
inhibited sleepy cod growth. Greater guidance from the Australian project staff was required to 
ensure greater success of the farm stockings. Greater guidance with the fish stockings and 
husbandry would also have led to better production from the ponds, although at the time of the 
early termination of the project, transport difficulties was an unresolved problem. 

At least some of the poor successes with fish spawning and larval production were the result of 
inadequate husbandry. Poor broodstock condition was a major factor inhibiting successful 
hormone-induced spawnings. Inadequate nutrition and high stocking densities were probable 
causes in many cases, and these issues need to be overcome to improve success in the future. 
Excessively high water temperatures (recorded as high as 37.7°C in redclaw ponds, found to be 
lethal to redclaw in Australian conditions) were also a likely contributing factor in some cases.  

Several other constraints and challenges were encountered that need to be addressed for 
aquaculture to be successful. Progress was constrained by the inability of Western Province 
government staff to meet their project commitments because funds that were allocated to the 
project were slow to be released through the government processes. Thus, for example, 
although a hatchery building was constructed at LARDEC, funds were not available to connect 
a water or power supply to it. Similarly, the ability of Western Province government staff to travel 
was greatly curtailed because of lack of transport. OTDF was relied on greatly for the supply of 
materials and transportation to progress the project. For example, OTDF supplied materials to 
facilitate the construction of the weir to provide a water supply to the ponds. Communication 
between Western Province staff and the Australian partners was very difficult and sometimes 
almost non-existent due to the lack of reliable communication infrastructure. Information had to 
be passed through OTDF contacts. 

Security was a problem. Although staff were housed near the ponds at Samagos to assist with 
security, there were still problems with theft: temperature loggers installed in the ponds 
disappeared, disrupting the collection of data. A power supply 200 metres from the ponds could 
have been used to power an air blower installed to supply air to the ponds, but because of the 
perceived risk of theft the network of air pipes was not built.  

Incidents of this sort can spell failure for aquaculture development initiatives because they may 
lead to significant mortalities and lost production, and more generally to a loss of motivation 
among villagers to continue. Any future aquaculture development interventions need to address 
these problems. 
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8 Impacts 

8.1 Scientific impacts – now and in 5 years 
 

PNG component 

The aim of the PNG component of the study was to build local expertise and knowledge in the 
various aspects of fish farming with the assistance of the Queensland members of the project 
team. As such there was no scientific impact of this component. 

 

Australian component 

Despite the increasing use in Australia of freshwater macrophytes in constructed wetlands for 
effluent treatment (Greenway 2005), there has been very little study here of the use of native 
aquatic macrophytes in managed recirculation aquaculture systems. This project has 
documented for the first time the effect of aquatic macrophytes on water quality in tropical 
freshwater pond aquaculture. This research recorded the levels of nutrients assimilated by the 
aquatic plants and the water savings made by these systems. This research also documented 
barramundi growth rates and the water quality parameters the fish experienced over an 
extended period of time, which has not been previously published.  

Research findings suggest there is no technical impediment to the aquaculture of the Australian 
strain of M. rosenbergii. It has also been shown that the Australian strain of M. rosenbergii 
possesses biological traits different than those of the Malaysian strain.  

The project has so far produced two papers that have been published in aquaculture journals 
and at least two more papers are forthcoming (see section 8.5 and Appendices 4 to 7). 

 

8.2 Capacity impacts – now and in 5 years 
The most valuable aspect of this project is the improved capacity and desire of PNG partners to 
continue the work commenced by this project. The Ok Tedi Fly River Development Program 
(OTFRDP) has replaced OTDF and has employed Noel Tonko to continue aquaculture 
activities. OTFRDP has the financial resources to continue the work started by this project and 
not to allow the momentum to fade. The Western Province government aquaculture program 
will continue to function and promote the objectives of this project, in cooperation with OTFRDP. 

This project has allowed PNG staff the opportunity to gain valuable skills and experience, which 
would otherwise have been extremely difficult to acquire. The visits to Australia allowed PNG 
staff to view what is possible in aquaculture, using species common to both countries. The 
hands-on experience has given them the confidence to tackle the challenging task of 
developing aquaculture in PNG. The skills acquired during this project will be transferrable 
between native and exotic fish species. 

Equipment supplied through ACIAR in this project will provide support in continuation of 
aquaculture activities in PNG. It will be available for demonstration and training facilities for 
potential aquaculture farmers in the future. 

Through their participation in the project, the freshwater prawn project at JCU has helped train 
various personnel from different backgrounds and countries; this is expected to yield impacts 
beyond the original scope of the project.  
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Personnel training: 

Ms. Malwine Lober, Senior Fisheries Officer, Ministry of Agriculture, Samoa: Malwine undertook 
a Master of Science research degree at JCU and was associated with the project. She worked 
on improving hatchery and nursery techniques for the Australian strain freshwater prawn, 
Macrobrachium rosenbergii and was supported by a John Allwright Fellowship. 

Mr. Haruo Tsuji, a JCU Master of Applied Science student from Japan, conducted a minor 
project comparing ‘Green water’ and ‘Clear water’ larval culture methods for M. rosenbergii in 
2007. 

Mr. Ifran Abas, Fishery Department, Hasanuddin University, Makassar, Indonesia: With funding 
from his university, Mr. Abas undertook a short training course on hatchery techniques for M. 
rosenbergii at JCU between March and April 2008.  

Mr. Cristian Bernstorff, a JCU aquaculture student from Mexico, undertook training on 
broodstock management and nursery culture of M. rosenbergii in 2008.  

 

Although DEEDI has suspended its freshwater aquaculture research at the Walkamin Research 
Station, the knowledge and experience gained in the methodology and application of 
experimental procedures in conducting water re-use trials is available for assisting future 
research activities, should suitable projects be developed.  

 

8.3 Community impacts – now and in 5 years 

8.3.1 Economic impacts 
The project did not achieve positive economic impacts during its term. This was a ground-
breaking project for PNG that sought to develop pond-based aquaculture in a region and with 
communities where it did not previously exist. It is therefore understandable that progress was 
slow and successes modest; the hurdles to achieving prosperous, efficient pond-based 
aquaculture take time to overcome.  

Aquaculture in the Western Province is unlikely to develop much beyond its current nascent 
state without further assistance and support. Viable, productive fish farming in the Western 
Province will require:   

(i) continuing development of and support for the Western Province government facility 
LARDEC, at Samagos, to continue research and dissemination of skills to villagers 

(ii) better site selection for ponds, and training for farmers to develop their skills 

(iii) continuing research and review of species suitability for different environmental conditions. 

 

Culturing fish that do not have high input costs, such as for processed feeds, will reduce the 
level of economic impact should the crop fail. The low level of start-up costs would also enable 
more people to be involved in native fish farming. In subsistence communities with little or no 
access to cash or credit, fish production that relies on purchased feeds faces strong difficulties. 
The concept of farming herbivorous fish that either do not need to be fed (relying on natural in-
pond primary production) or can be fed terrestrial plant residue has therefore raised awareness 
of possibilities of aquaculture at the village level. 

Reduced water usage and compliance costs will greatly enhance the profitability of aquaculture 
farms in Australia. Further research is needed, but bioremediation using aquatic macrophytes 
research shows that significant nutrient removal can be achieved and significant water savings 
made through the technologies tested. 
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8.3.2 Social impacts 
As the project was terminated 18 months early and the concept of farming native fish was only 
just being introduced to farmers, this project was yet to have a positive social impact. 
Nevertheless, there was a high level of interest in the project in the community as the work 
progressed with the PNG in-country partners. 

 

8.3.3 Environmental impacts  
This project was building towards having positive environmental impacts in both the Australian 
and PNG components. Although some authors (Haines 1979, Smith 2000) have advocated 
using native species in PNG this is the first project to investigate the potential of native fish for 
aquaculture in PNG. Future decisions on the direction of aquaculture and research priorities will 
be influenced by the knowledge gained from this work. Through the use of local native species 
of fish for aquaculture, the environmental threat posed by exotic species is in some respects 
reduced, since a major threat facing native freshwater fish is the uncontrolled introduction and 
spread of introduced fishes (Allen et al. 2008). Although native-fish farming may be preferred for 
biodiversity conservation reasons, ’the Fly now faces an onslaught of exotics from across the 
Indonesian border’ (Allen et al. 2008) where introduced fishes are now prevalent. The 
conservation imperative to not farm carp or tilapia in the Fly River may therefore be lessened. 

The preliminary research into nutrient removal from aquaculture water has given the freshwater 
aquaculture industry in Queensland information to allow it to apply methods of ameliorating 
discharge water. Water re-use can lead to greater water efficiencies, reducing the water 
extraction from the environment. Results of this research into practical, environmentally 
sustainable methods to ameliorate aquaculture pond water and water re-use may lead to long-
term sustainability of aquaculture. 

 

8.4 Communication and dissemination activities 
Agcopra C. Water Quality Fact Sheet presented at the Australian Barramundi Farmers 
Association Conference, Townsville, August 2009. 

Graham P., Willows K. Poster presentation addressing the PNG component of the project at the 
Australasian Aquaculture 2008 International Conference, Brisbane, August 2008. 

Juntunen, K., Owens, L., Lafauce, K., Hayakijkosol, O., Endo, K., Zeng, C. Macrobrachium 
rosenbergii nodavirus (white tailed disease) in Australia. Oral presentation at aquaculture 
American 2009, Seattle, Washington, USA, February 2009. 
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9 Conclusions and recommendations 
Papua New Guinea 

Although aquaculture in Papua New Guinea is relatively new, there is widespread, strong 
interest by villagers in adopting it. The various skills needed for successful fish farming—
husbandry, spawning induction, hatchery production, nutrition—take time to learn, and over the 
course of this project the training that was imparted by the project team, both in-country and at 
the Walkamin Research Station, led to some level of proficiency in fish farming by Western 
Province villagers and project partners. It is evident, however, that the skills and experience 
needed to deal with the day-to-day running and trouble-shooting of fish aquaculture have, in 
general, yet to be achieved.  

This was partly because of the substantial shortening of the project, which was terminated 18 
months before its scheduled end date because of the unforeseen suspension of aquaculture 
activities at the Walkamin Research Station, the loss of key project staff from Walkamin, and a 
restructuring of the Ok Tedi Development Foundation.  

The objectives of the PNG component of the original project were overly ambitious, as identified 
in the mid-term review. The broad range of activities prevented a focus of resources on fewer 
objectives to deliver better outcomes. Any future projects need to set realistic and achievable 
goals that do not underestimate the time taken for skills transfer and incorporation of pond-
culture activities into the daily routines of villagers.  

As described in section 7.7, fertilisation success, larval survival and growth rates were often 
low, and these can in general be attributed to poor husbandry; more particularly to poor nutrition 
and suboptimal conditions in the ponds. This illustrates the importance for any future projects of 
providing thorough training in the various husbandry skills needed. Just as important is the need 
for careful oversight, guidance and assistance by skilled aquaculture practitioners who are also 
experienced in engaging with peoples in the rural village milieu.  

The several species that were evaluated for their aquaculture potential in PNG provided a range 
of successes and problems that may provide guidance to future aquaculture assistance 
interventions. Perhaps the main challenge is to select the most appropriate species for culture. 
Attempts to rear carnivorous species (sleepy cod, eel-tailed catfish, sooty grunter) were not very 
successful, partly because of the inability to provide Fly River herring as co-cultured prey within 
the pond environment. The project was unfortunate to have experienced drought conditions, 
leading to fish deaths, so that important questions about the extent to which co-cultured prey 
species may reduce the need to provide feed remain unanswered. This is important because 
access to capital to purchase high-protein feeds, or to feed directly with animal protein, is not 
available in many rural areas.  

Although ‘food web polyculture’ has been applied in Yonki Reservoir (Eastern Highlands 
Province), where several non-native fish species were introduced to establish the various 
trophic levels required to support a population of the target species, it remains to be 
demonstrated that this approach could work well in small ponds. 

Herbivorous or omnivorous species therefore seem the most suitable candidates for small-pond 
aquaculture, at least until the co-culture question has been resolved.  

 

Australia 

As environmental regulations become more stringent, aquaculture water treatment and re-use 
will become a necessity. The freshwater aquaculture industry in Queensland has been informed 
of the results of the Walkamin component of this study, but there have been no subsequent 
surveys to determine the extent to which farming practices have been modified.  
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Further research is required to maximise the efficiency of the water treatment systems for 
aquaculture applications and to modify on-farm management practices. The range of species 
already trialled or suggested for bioremediation is large, with Redding et al. (1997) comparing 
the bioremediation efficiency of free-floating, submerged and emergent aquatic plants. The mid-
term review team recommended the efficiency of naturally established systems be investigated. 
Proposals to use herbivorous fish such as Nematalosa erebi and Clupeoides papuensis to 
improve water quality by consuming the natural production in treatment ponds (B. Herbert, pers. 
comm.) have not been evaluated. There may be benefits to farmers as the fish could be fed 
back to the farmed species (such as barramundi), reducing feed costs. This sort of system has 
yet to be evaluated.  
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11 Appendixes 

11.1 Appendix 1: Macrobrachium research 2008 annual ACIAR report 

11.1.1 Milestone  
Development of the hatchery  

1. Broodstock maintenance and conditioning, reproductive biology:  

Research has been conducted on Australian strain M. rosenbergii reproductive 
seasonality, conditioning, fecundity as well as induce of out-of-season spawning and the 
attempt to close life cycle etc. while induce of out-of-season spawning by temperature 
and photoperiod manipulation has achieved relatively limited success, the life cycle of 
Australian strain M. rosenbergii has been fully closed in 2008 as all hatchery production 
this year came from broodstock of last year stocked hatchery produced postlarvae in 
DPI pond.  

2. Larval culture  
 
• Hatchery technique development focused on comparison of ‘green water’ vs ‘clear 
water’; effects of different algae concentration in ‘green water’ culture; Artemia 
enrichment vs. no enrichment; different larval stocking density and water exchange 
schemes as well as optimal procedure for acclimation of postlarvae to freshwater. A trail 
on culture of larvae at extra low salinity of about 3-5 ppt has shown that it has limited 
impact on larval survival. 2007 hatchery runs (15 Feb to 20 April, 2007; 3 runs, 
produced 150,000 PL) using broodstock from wild has consistently achieved:  

• High survival rates of > 85%.  
• Substantially shorter hatchery cycle compared to ‘western from’ strains (22-26 
vs. 32-35 days).  
• Synchronized larval development, on the day of harvesting, only 1-2% remained 
at larval stages.  
• High productivity, outputs of postlarvae (PL) as high as170 PL/liter culture water.  
 

2008 hatchery runs (27 Feb to 16 May, 4 runs, produced 65,000 PL) using pond 
grow broodstock has shown a trend of lower survival (40-65%), higher cannibalism 
rates and longer larval duration (25-35 days) as compared to last year, whether this 
is a result of inbreeding would need further investigation. Nevertheless, the result is 
still compatible to that reported for Malaysian strain.  

macrobrachium hatchery & grow out (how many times, how many animals, number 
juveniles stocked)  

In 2008, four hatchery runs (27 Feb to 16 May) were conducted with larvae 
hatched from females stocked in the DPI pond as postlarvae in 2007, therefore, 
the fully close of life cycle has been achieved. However, the survival was generally 
lower than 2007 when wild broodstock were used. Survival were recorded at 
between 40-68% and postlarvae harvested on 25 to 35 days after hatch. A total of 
65,000 PL were produced which is currently under nursery culture and will be used 
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for stocking ponds in DPI and a Barra farm.  
 
Growout  
 
Growout conducted at DPI pond in 2007 has showed that the M. rosenbergii strain 
can survived temperature as low as 15 C and capable of reach a max weight of 
about 200g in 10 month growout period (including 4 winter months of average 
temperatures around 20 C or lower, little growth is expected during the period). 
Another interesting finding is that the majority of prawns appear to form two very 
distinct size groups of large size of average 70g and small size of average of 4 g, 
this has been different from what has been reported for Malaysian strain and 
suggested that better management scheme are likely to further improve the 
productivity.  

11.1.2 Impacts  
Scientific impacts – the research findings so far has clearly suggested that the 

Australian strain of M. rosenbergii possess different biological straits from that of 
Malaysian counterpart. Research results also suggested that some current 
hatchery practices for Malaysian M. rosenbergii may be further improved. It is 
expect that at least two papers will be generated out of research conducted so 
far.  

 
Capacity Impacts – Through their participation in the project, the freshwater prawn 

project conducted at JCU have helped training many personnel from different 
backgrounds and countries (see Training Activities section), which is expected 
to bring on impacts beyond the original scope of the project.  

11.1.3 Training Activities 
Listed following are main participators, there were more students involved in shorter 
term participation of the project.  

• Ms. Malwine Lober, Senior Fisheries Officer, Ministry of Agriculture, Samoa: Ms. 
Lober is undertaking MSc (by research) degree at James Cook University since project 
started. She has been working on improving hatchery and nursery techniques for the 
Australian strain freshwater prawn, Macrobrachium rosenbergii and is founded by John 
Allwright Fellowship study award.  

• Mr. Ifran Abas, Fishery Department, Hasanuddin University, Makassar, 
Indonesia. Mr. Abas has undertaken a short training course on hatchery techniques for 
freshwater prawn, Macrobrachium rosenbergii at James Cook University between 10 
March and 26 April 2008. He is funded by Hasanuddin University, Indonesia.  

• Mr. Haruo Tsuji, a JCU Master Applied Science student from Japan, who has 
conducted a minor project on hatchery culture of M. rosenbergii in 2007.  

• Mr. Cristian Armbruster Bernstorff, a current JCU aquaculture student from 
Mexico, who has volunteered for training on broodstock maintenance and nursery 
culture of M. rosenbergii since early 2008. Mr. Bernstorff has keen interest in 
developing freshwater prawn aquaculture in Mexico upon his return.  
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11.1.4 Variations of future activities  
 

Problems & opportunities  

Problems: Ms. Malwine Lober is expected to complete her MSc degree by the end of 
2008. This will have substantial impacts on the project, which has already under 
consideration constraints for lacking of the manpower.  
 

Conference presentations 

Zeng, C., Lober, M. 2007. Development of hatchery techniques for an Australian strain 
giant freshwater prawn Macrobrachium rosenbergii. ¬Oral presentation at 
‘Asian¬Pacific Aquaculture 2007’, Hanoi, Vietnam, 5¬8 August, 2007.   
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11.2 Appendix 2: Fact sheet of results of 48 hour nutrient monitoring 
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11.3 Appendix 3: Effect of microalgae concentration on larval survival, 
development and growth of Australian strain of giant freshwater 
prawn macrobrachium rosengergii. (Published paper) 
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11.4 Appendix 4: Macrobarchium rosenbergii nodavirus disease (white 
tailed disease) in Australia. (Published paper) 
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11.5 Appendix 5: Effect of stocking density on growth and survival of 
Australian Macrobrachium rosenbergii newly settled post larvae. 
(Paper in preparation) 

Effect of stocking density on growth and survival of Australian Macrobrachium  

rosenbergii (De Man) newly settled post larvae  

Abstract  

Introduction  

Initial grow-out studies of freshwater prawn, Macrobrachium rosenbergii, were carried out in ponds in 

Malaysia (Ling & Costello, 1979) after the development stages of the larvae were detailed by Ling & 

Merican (1961). Commercial development of Malaysian freshwater prawns in Hawaii saw the 

development of mass rearing techniques for commercial scale production of post larvae for stocking into 

ponds (Fujimura & Okamoto, 1972). Since then several studies on grow-out of the species has taken 

place and the Malaysian prawn has been translocated for experimental research and commercial 

purposes (New, 2000). Technologies to improve management of grow-out has advanced since then with 

inputs to enhance production such as appropriate stocking densities, substrates, size grading and 

selective harvesting, either in tropical to temperate regions.  

Stocking densities used in grow-out of M. rosenbergii are generally extensive, 1 -4/ m², with production at 

500kg/ha/yr and semi-intensive, 4–20/ m² and production of 500 – 5000kg/ha/yr for the Western form 

(Valenti & New, 2000). Intensive production is relegated to experimental use only (Sagi, Ra’anan, Cohen 

& Wax, 1986; Sebastian, Mathew & George, 1992) and has yet to be economically feasible.  
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Extensive grow-out is generally practiced with little management intervention and low  

productivity; semi-intensive practices are employed in commercial operations with management 

interventions such as feeding, fertilisation, water quality management in ponds and is commonly utilised 

worldwide (Lee & Wickins, 1992). Intensive culture monoculture in cages showed higher production in all 

male populations (473 g / m
3

) than mixed (260 g / m
3

) and all female populations (248 g / m
3

Semi-intensive grow-out at higher stocking rates tends to increase production (4,700 vs 3,828 kg/ ha, 

lower stocking) but survival (73 % vs 66.5 % ) and average harvest weight were higher (16.2 g vs 8.5 g) 

in lower stocking rates and projected higher crop value because of larger animals (Sandifer, Smith, 

Stokes & Jenkins, 1982).  

) however 

called for more efforts for research (Sagi et al., 1986). Similar results in monosex culture in tanks showed 

increasing yield and marketable prawns with increasing density and best performance recorded from the 

all-male population (Siddiqui, Al-Hafedh, Al-Harbi, & Ali, 1997).  

 

Productivity has improved with the combination of appropriate stocking densities with other grow-out 

technologies and appropriate management.  

The cannibalistic nature of M. rosenbergii (Cohen, Ra’anan & Brody, 1981) is reduced by addition of 

substrate (shelters) for moulted individuals (Sandifer & Smith, 1977; Cohen et al., 1983) increases the 

surface area in three dimensions in the water column (Tidwell & D’Abramo, 2000; Tidwell, D’Abramo, 

Coyle & Yasharian, 2005) and improve production yield (Cohen, Ra’anan, Rappaport & Arieli, 1983; 

Tidwell et al., 1998). Substrate orientation, either vertically or horizontally, did not affect survival and 

average weight of ungraded juveniles after 60 days in nursery culture (Tidwell, Coyle, Van Arnum & 

Weibel, 2002). The physical characteristics of the type of substrate had little impact on performance of the 

Malaysian M. rosenbergii and cheaper materials can be used to save on costs (Tidwell & Coyle, 2008). 

An added benefit of substrate use was improved feed efficiency (17%) possibly through increased 

surfaces for periphyton production (Tidwel et al., 1999; Tidwell et al., 2005)  
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The duration of the prawn nursery phase increases size variation requiring size grading to disrupt the 

socially induced differential growth rates by removing faster growing individuals and allowing other 

prawns to compensate for their slow growth (Tidwell et al., 2005). This social hierarchy is established 

early in the life stages of prawns, where faster growing individuals retard the growth of other prawns in 

the population (Karplus, Hulata, Wohlfarth & Halevy, 1986).  

Grading of juvenile prawns has shown improved production in grow-out. Graded  

(0.30 g) and ungraded (0.33 g) prawns stocked into earthen ponds for five months of grow-out, showed 

increased mean harvest size and mean yield of graded populations by 37.3% and 45.6% over ungraded 

prawns (D’Abramo, Malecha, Fuller, Daniels & Heinen (1991). Stocking different size fractions of graded 

populations, especially upper grade, increases total production, average weights and marketable harvest 

sizes, 20 and 30 g (Tidwell, Coyle & Dasgupta, 2004).  

Since grow-out of the Australian freshwater prawn has not been detailed, this study looked at adopting 

some of the strategies utilised for culture of the Malaysian prawn. Four strains of M. rosenbergii have 

been identified in Australia distributed throughout the northern regions. Strains are classified according to 

lineages I, II, III and IV conforming to the western form (De Bruyn et al., 2004). Lineage II or Gulf strain 

has been continuously produced at the JCU hatchery. In this study, we investigated the effect of stocking 

density and subtrate on survival, mean final weights, biomass, dry weights and relationship of length and 

weight of this strain.  
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Method  

(i) Source of Post larvae  

Broodstock of Lineage II, were collected from ponds at DPI, Walkamin were used in hatchery culture to 

produce post larvae using the greenwater method. Newly settled M. rosenbergii post larvae were held in 

nursery tanks for one week then transferred to experimental conditions for acclimatisation for one week. 

Post larvae were weighed (0.012 ± 0.004 g) prior to stocking into experimental tanks.  

 

(ii) Experimental design  

Experimental aquaria (100 L) were connected to a freshwater recirculation system with two biofilters in 

laboratory. Aeration was connected to each aquaria. Heaters (75 W) were placed in the water sump to 

maintain water temperature at 28 ± 2 °C. Photoperiod was set at 14.5L: 9.5D.  

Post larvae were stocked into randomly into aquaria at 500, 1000 and 2000 PL/ m
3 

Juveniles were fed with a 43% crude protein commercial prawn grower pellet (Ridley’s Aquafeed) at 10% 

body weight. Uneaten feed and waste was siphoned out daily. Water quality (DO, pH, NH3/NH4

(New, 2002) in a 

nested design without substrate and with substrate. A black plastic mesh was used as substrate (20 mm 

diagonal length), weighted down with terracotta squares. The surface area of provided by substrate 

increased the bottom surface area by 66 %. Treatments were in quadruplicate.  

+

, NO2
-

, 

NO3
-

mg/ L) was checked weekly with 100 % exchange fortnightly. Duration of the study was 60 days.  
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(iii) Data Analysis  

Growth and survival were estimated by a sub-sampling (20 post larvae per replicate) to collect wet weight 

(g) using an Ohaus digital scale, total length (mm) using vernier callipers and survival (%) at the end of 

the study. Average weight gain, mean final weights and increase in biomass were also recorded at the 

end of the study. Sampled juveniles were placed in dryer for 48 h after which were then recorded for dry 

weights (µg). Data was analysed with one-way ANOVA and Bonferroni’s test for significance. Final wet 

weight and total length were collected at the end of the study and expressed as linear regression.  
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Results  

Water quality  

Table 1 Water quality parameters for juvenile prawn culture in aquaria.  

 

Water quality monitored over the course of the 

culture period of 60 days as shown in a range 

of the data recorded (Table 1). Levels of 

ammonia (NH3/ NH4
+ 

mg/ L), (nitrite NO2
-

mg/ L) 

and nitrate (NO3
-

Water temperature (°C)  

mg/ L), pH, dissolved oxygen 

(mg/ L) were all within favourable conditions.  

27.17 – 30  

Dissolved oxygen (mg/ L)  5.52 – 7  

pH  6.4 – 8.2  

Ammonia (NH3/ NH4 +) (mg/ L)  0 – 0.25  

Nitrite (NO2 -) (mg/ L)  0  

Nitrate (NO3 -) (mg/ L)  0.1 – 5  
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Survival  

Figure 1: Mean survival of Macrobrachium rosenbergii juveniles after 60 days of culture, with and 
without substrate.  

NB: 1 &4 = 500, 2& 5 =1000, 3& 6= 2000 PL/ m

Table 2: Mean survival of Macrobrachium rosenbergii juveniles after 60 days of culture.  

3 

 

 

 

Stocking density (PL/ m3)  Mean Survival (%)  

500 (Substrate)  87.50 ± 4.43a  

1000 (Substrate)  80.00 ± 5.48b  

2000 (Substrate)  70.5 ± 5.40ac  

500  92.0 ± 5.66cd  

1000  69.75 ± 6.85ad  

 

Stocking density (PL/ m3)  

Mean Survival (%)  

500 (Substrate)  87.50 ± 4.43a  

1000 (Substrate)  80.00 ± 5.48b  

2000 (Substrate)  70.5 ± 5.40ac  

500  92.0 ± 5.66cd  

1000  69 75  6 85   
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Values with the same superscripts are significantly different (p<0.05).  

The highest survival recorded from the study was in the non-substrate, lowest density treatment, 500 PL/ 

m
3 

(92.0 ± 5.66 %) which was significantly (P<0.05) higher than all other treatments except the substrate 

500 and 1000 PL/m
3 

Survival in the highest density, non-substrate treatment, 2000 PL/ m

(87.50 ± 4.43 and 80.00 ± 5.48 %) treatments respectively.  

3

, was significantly (P<0.05) lower 

than all the other treatments (48.63 ± 4.16 %). Similarly, its equivalent density in the substrate treatment 

was significantly lower (70.5 ± 5.40 %) from other treatments except the substrate 1000 PL/m
3 

There was a significant interaction effect (P<0.05) between stocking density and substrate. However 

survival in both treatments showed consistently higher survival in the different densities with substrate 

while variable results were recorded in the different densities of the non-substrate treatments.  

(80.00 ± 

5.48 %).  

The substrate treatments generally had high survival overall as compared to the non-substrate treatments 

which was highly variable. This variability was reflected in the lowest and highest survival recorded in the 

500 and 2000 PL/ m
3 

 

(48.63 ± 4.16 and 92.0 ± 5.66 %) densities without substrate, respectively. With 

increasing stocking density, survival showed a decline with a more marked reduction in survival in the 

treatments without substrate especially at high densities where cannibalism and competition for space 

and food would be most intense. Addition of substrate into the culture environment provided shelter from 

competition and predators more available surface area in 3-dimensions for juveniles to maximise the 

utilisation of the water column (Tidwell et al., 2005).  
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Table 3: Performance parameters of Australian freshwater prawn, Macrobrachium 

rosenbergii , at different culture densities with and without substrate.  

 

Values with similar superscripts are significantly different (P<0.05).  

Average weight gain  

Significant average weight gained for juvenile prawns were recorded in treatments without substrates, 

500 and 2000/ m
2

, (0.076 ± 0.079 and 0.103 ± 0.011 g) and the lowest stocking density 500/ m
2 

(0.079 ± 

0.008) with substrate (Table 2). There were no significant differences in weight gain in other substrate 

treatments. The average weight gained increased with increasing density, with the highest gains recorded 

in the 2000/ m
2 

0.011 g) treatments. It could be said that the average weight gained was highest in the substrate 

treatments versus their non-substrate density equivalent.  

densities with substrate (0.109 ± 0.024 g) and non-substrate (0.103 ±  

Mean final weights  

The mean final weights of juveniles were significantly (p<0.05) heavier in substrate treatments, 500 and 

1000/ m
3

, (0.122 ± 0.305 and 0.149 ± 0.135 g) respectively and the highest stocking density, 2000/ m
3

Treatments  

, 

without substrate (0.139 ± 0.060 g) (Table 2). The mean final weights increased with stocking density 

Average weight 
gain (g)  

Mean final 
weight (g)  

Increase in 
Biomass (g)  

Dry weights 
(µg)  

500/ m²  0.076 ± 0.079a  0.114 ± 0.031  2.783 ± 0.478a  0.033 ± 0.010  

1000/ m²  0.081 ± 0.003  0.118 ± 0.029  4.508 ± 0.992 b  0.034 ± 0.010  

2000/ m²  0.103 ± 0.011ab  0.139 ± 0.060a  6.149 ± 
2.023abc  

0.036 ± 0.008  

500/ m² 
(Substrate)  

0.079 ± 0.008b  0.122 ± 0.305a  3.118 ± 0.375c  0.033 ± 0.010  

1000/ m² 
(Substrate)  

0.088 ± 0.002  0.131 ± 0.036a  6.069 ± 0.683c  0.036 ± 0.010  

2000/ m² 
(Substrate)  

0.109 ± 0.024  0.149 ± 0.135  11.592 ± 
2.626c  

0.033 ± 0.012  
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however the substrate treatments (500, 1000, 2000/ m
3

) showed heavier post larvae (0.122 ± 0.305, 

0.131 ± 0.036, 0.149 ± 0.135 g) respectively. The heaviest post larvae were recorded from the highest 

stocking densities (2000/ m
3

Increase in Biomass  

) in treatments with substrate (0.149 ± 0.135 g) and without substrate (0.139 

± 0.060 g). The mean final weights were generally heavier in the substrate treatments versus their non-

substrate equivalent possibly owing to the effect of added substrate.  

Significant (p<0.05) increases in biomass were recorded in all the stocking densities, 500, 1000 and 2000 

PL/ m
3 

with substrate and without substrate (Table 2). The highest increase in biomass (11.592 ± 2.626 g) 

was recorded in the highest stocking density, 2000/ m
3

, in the substrate treatment as compared to the 

equivalent density in the non-substrate treatment (6.149 ± 2.023 g ). Within the non-substrate treatments, 

2000/ m
3 

showed significant biomass increase (6.149 ± 2.023 g) while significant increases were recorded 

amongst all substrate densities 500, 1000 and 2000 PL/ m

(3.118 ± 0.375, 6.069 ± 0.683 and 11.592 ± 2.626 g respectively). The added artificial substrate possibly 

has had an effect on biomass with all the substrate treatments having significant augmentation in their 

biomass.  

3 
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Dry weights  

There were no significant differences 

(p>0.05) in dry weights of juveniles at 

the different stocking densities with or 

without substrate (Table 2).  

Length-weight  

The length-weight relationship of juvenile 

prawns at the end of the study period 

showed a strong correlation and regression 

(Fig.2) between the measured parameters in 

all the different densities, 500, 1000 and 2000 PL/ m
3 

Also obvious from the graphs, Figs. 2 & 3, there were outliers with higher values for length-weight. This is 

possibly owed to the heterogenous individual growth (HIG) being established early in the social hierarchy 

of the juveniles in culture whereby the biggest individual, possibly male has assuming itself as the 

dominant individual within the population.  

without shelter. Similarly in the treatments with 

substrate, length-weight relationship showed very strong correlation and regression (Fig. 3) between 

the two parameters.  

 

Figure 2: Linear regression of juvenile Macrobrachium rosenbergii at 60 days of culture.  

0 0.05 0.1 0.15 
0.2 0.25 0.3 20  

22  

500/m3 -NO SHELTER y = 
0.0137x -0.2275 R2 = 0.9159 24 26 
28 30 32 L e ng t h ( mm)  

34  36  
0 0.05 0.1 0.15 0.2 0.25 20  22  

1000/m3 -      
(x 106 cell    

   
  

  
  

  
  

10 + Enrichment  20.50 ± 0.15 a  0.863 ±         

10  21.46 ± 1.60 ac  0.848 ±         

2.5 + Enrichment  25.76 ± 2.40 b  0.928 ±         

2.5  26.96 ± 4.05 bc  0.659 ±         

0 + Enrichment  27.28 ± 1.34 b  0.934 ±  
ab  

    

0  - -  

 
 

  
 

    
         

     

    
     

  

     
       

        

    

 



99 

Figure 3: Linear regression of 

juvenile Macrobrachium 

rosenbergii after 60 days of 

culture.  
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Discussion  

The performance parameters of the Australian M. rosenbergii has shown good results under culture 

conditions. Average weight gained, mean final weights and increase in biomass, high survival and strong 

correlation and regression show compelling performance traits. These traits were most enhanced in the 

higher stocking densities of 2000 PL/ m
3 

with the exception of survival which diminished with density. 

Relatively high stocking densities were used in this study, which was also recommended by New (2002) 

at 1000 to 2000 PL/ m
3 

for primary nurseries with substrates at higher rates when holding for a short 

period. These were used to determine the performance of the Australian strain in nursery culture. In a 

period of just over 60 days, including acclimatization, the mean final weights ranged from 0.114 ± 0.031 g 

in lowest density, 500 PL/ m
3

, without substrate to 0.149 ± 0.135 g highest density 2000 PL/ m
3 

with 

substrate. Similarly biomass increase ranged from 2.783 ± 0.478 in 500 PL/ m
3 

to 11.592 ± 2.626 g in 

2000 PL/ m
3

 

. Given these increases in weights and biomass in a relatively short time, post larvae can be 

stocked at high densities to before stocking juvenile sizes into grow-out ponds.  

Clearly, the added substrate enhanced these performance parameters for the Australian strain which 

without, produced relatively weaker results of their equivalent density. These high stocking densities, 

probably demonstrated the efficacy of the substrate in improving production, as suggested by Raanan, 

Cohen, Rappaport & Zohar (1984). Substrates provide a place to hide after moulting, possibly to avoid 

competition for space, evade cannibalism from other prawns as well as providing more available surface 

area to maximise the use of the water column as has been suggested by previous authors. Since only 

66% of the bottom tank surface area was increased in this study with addition of substrate, perhaps 

adding more than 66 % surface area as in this study, would increase survival particularly at the high 

stocking densities to maximise on production from the culture tanks and reduced operational costs.  

The heavier juveniles recorded from the high stocking densities 2000 PL/ m
3 

whether with or without 

substrate probably had much to do with the increased surface area. The added substrate possibly 

improved feed efficiency producing heavier, larger juveniles as suggested earlier by Tidwell et al., (1999). 

With the added substrate, prawns in these treatments had the advantage of increased surface area and 

more hiding and perching surface space which possibly produced their larger sizes than juveniles in 
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stocking densities without substrate. This is probably further intensified by competition for food and space 

in a densely populated confined area given the cannibalism nature of these prawns, contributes as 

another source of nutrition besides the artificial feed which all together contributed to heavier prawns.  

In studies of the ubiquitous Malaysian prawn, which has been translocated extensively and studied, show 

similar results to this study. Increasing stocking density saw a parallel increase in total production but 

average prawn size was reduced and similarly production of market size prawns (Tidwell et al., 1999). 

However, increased stocking densities significantly reduced survival (Siddiqui et al., 1997; Coyle et al., 

2003; Tidwell et al., 2003; Marques et al., 2003) as has also been shown in this study. With added 

substrate, it improved total production (Tidwell et al., 1999), increased average weight (Cohen, et al., 

1983) and is suggested to be more efficient with intensive stocking densities (Ra’anan et al., 1984). 

Tidwell et al. (1999) however did not find a significant interaction between stocking density and substrate 

but nevertheless significantly improved total production. Various studies including this one show similar 

results with high stocking densities and reduced survival, with enhanced production, higher averager 

weights and final weights and improved survival with the added substrate although other findings deviate 

from these.  

High stocking densities for nursery culture of the Australian freshwater prawn has shown relatively good 

results for a 60 day holding period. In such a short time, heavier juveniles were achieved at high densities 

in both substrate and without substrate, despite its lower survival in the former, results were relatively 

good. Also post larvae stocked at high densities with substrate will probably be more efficient in improving 

production to reduce time and cost of maintenance in the nursery and to reach juvenile sizes for grow-out 

culture.  
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11.6 Appendix 6: The effect of enriched Artemia nauplii on survival 
and development of Australian strain Macrobrachium rosenbergii 
larvae. (paper in preparation) 

The effect of enriched Artemia nauplii on survival and development of a Australian strain 

Macrobrachium rosenbergii (De Man) larvae.  

Abstract  

Introduction  

The closure of the freshwater prawn life cycle in Malaysia followed by the development of 

techniques for commercial farming in Hawaii has led to the wide spread distribution and cultivation of 

Macrobrachium rosenbergii (New, 2000). The species is found from Pakistan to Vietnam, SE Asia, south 

to Papua New Guinea, northern Australia (De Bruyn et al. 2004a) and some Indian and Pacific Ocean 

Islands (Mather & De Bruyn, 2003). The species has been divided into two separate forms on either side 

of Huxley’s Line where freshwater pawns west of Huxley’s barrier were assigned as ‘western’ and 

‘eastern’ form for those occurring in the opposite side. (De Bruyn et al., 2004a). Given this description, 

Australian M. rosenbergii are of the eastern form and are distributed throughout the tropical northern 

regions, endemic to the west of the Great Dividing Range (Short, 2004). Within the Australian M. 

rosenbergii fauna several lineages exist namely, Western Australia (lineage I), Gulf of 

Carpentaria/Northern Territory (lineage II), Irian Jaya (lineage III) and Papua New Guinea/North east 

Cape York (lineage IV) (De Bruyn et al. 2004), prospective resources for further improving the 

performance of the species (Mather & De Bruyn, 2003).  
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Larvae of Lineage II from the Gulf of Carpentaria were experimentally  

cultured at JCU utilising both clear and green water methods where the latter utilised four different 

microalgae concentrations to rear newly hatched larvae to settlement. Growth, survival and development 

of larvae were superior in the green water method consistently and more so when a threshold of 12.5 x 

10
5 

cells/ml of microalgae is surpassed before performance can be substantial and the benefits to the 

larvae are more pronounced. Though at the highest density 25 x 10
5 

Microalgae clearly had beneficial contribution to the performance of M. rosenbergii larvae culture 

and we speculate this to be nutritional through Artemia nauplii grazing on algae. Earlier attempts to 

understand the role of microalgae in freshwater prawn larval culture deduced algal cells were found in the 

gut of larvae (Manzi et al, 1977) but may not have direct nutritional benefit to the larvae (Cohen et al. 

1976; Joseph, 1977). Even more, typical fatty acids in microalgae were not manifested in prawn larvae 

but may possibly have a “species-oriented” lipid metabolism for conversion of microalgae fatty acids 

(Joseph, 1977). The nutritional role of algae has shown to improve growth in larval crustaceans, fish and 

molluscs particularly the fatty acid content. A high ratio of n-3/ n-6 polyunsatrurated fatty acids is 

generally utilised as an index for high nutritional value provided fatty acids in the microalgae are known. 

Generally, high concentrations of eicosapentaenoic acid (EPA) 20:5n-3 and docosahexaenoic acid (DHA) 

22:6n-3 determines high nutritional value of the microalgae species. Larval stages of crustaceans and 

fish, all bivalve stages are fed microalgae and is important as food for zooplankton which are fed to late 

larval and juveniles of fish and crustaceans (Volkman et al, 1989).  

cells/ml performance was even more 

enhanced which suggests investigation of higher concentrations and the effect on growth, development 

and survival.  
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The growth and survival of the Australian M. rosenbergii larvae showed very good results when cultured 

at high concentrations of at least 1.25 x 10
6 

cells/ml utilising Nannochloropsis sp. in a previous study by 

this research group which suggested high concentrations of microalgae were beneficial for the larvae 

however the dynamics behind it were obscure. Several investigators speculated on the benefits of 

increased microalgae concentrations though few have actually studied various concentrations and its 

effect on larval performance. The microalga, Nannochloropsis sp. is known to be rich in 20:5 n-3 

eicosapentaenoic acid (EPA) however it is deficient in 22:6 n-3 decosahexaenoic acid (DHA) (Volkman et 

al, 1989) both vital to growth of crustacean larvae. The determining component of the nutritional value of 

Artemia is the quantity of essential fatty acid 20:5 n-3 eicosapentaenoic acid (EPA) (Léger et al., 1986) 

and docohexanoic acid (DHA) 22:6 n-3, another important essential fatty acid for larvae of brackishwater 

organisms was almost lacking in Artemia (Watanabe et al., 1993). Given the limitations of the microalgae 

and zooplankton, this study investigated the effect of culturing larvae at higher microalgae concentrations 

and the enrichment of Artemia nauplii with DHA on the growth, development and survival of freshwater 

prawn larvae.  
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Method  

(i) Source of broodstock Broodstock for spawning was collected from the Flinder’s river system and its 

tributaries, near the Gulf of Carpentaria region including Armstrong creek (latitude 17°52.522; longitude 

140°46.837). Samples were identified as Lineage II from rivers flowing into the Gulf of Carpentaria. Wild 

broodstock were utilised in hatchery spawning in the previous year and stocked into outdoor ponds at 

Department of Primary Industries and Fisheries (DPI&F), Walkamin for research purposes. Berried 

females were collected from outdoor ponds at DPI&F, Walkamin and transported to the James Cook 

University Marie and Aquaculture Facility Unit (MARFU), Townsville. Broodstock were kept in tanks at a 

ratio of 4 -5 females: male, in 3000L recirculating freshwater tanks and monitored for spawning. Once 

berried females were found in tanks they were transferred to 5 – 8 psu holding tanks with aeration until 

hatching and larvae held for one hour prior to collection for experimentation.  

(ii) Experimental design and set up Three microalgae concentrations of Nannochloropsis sp. 0, 2.5 and 

10 were set up into two-factor experiment where M. rosenbergii zoea larvae were either fed enriched or 

non-enriched Artemia nauplii. Larvae were randomly distributed into 5L containers at 30 larvae per 

replicate, containing the designated microalgae concentration and feeding regime where treatments were 

in quadruplicate. Culture water for the ‘no algae’ clear water treatment, 0 x 10
6 

 

cells/ml, was prepared 

daily by adjusting filtered seawater to 12psu with dechlorinated freshwater. Culture containers were 

randomly distributed inside two water baths (28 ± 1 °C) with photoperiod set at 14.5L: 9.5D. Culture 

containers were closed with punctured lids to prevent escapees and to relieve air pressure inside the 

container and placed inside two water baths with fine aeration via fine glass pipettes inserted through lids. 

Water exchange (100%) was carried out daily for all treatment replicates and similarly feeding regime.  

Hatching of Artemia cysts (INVE Inc, Thailand) was carried out daily in 18 psu water and newly hatched 

nauplii were harvested early morning on the following day and divided into two batches, for daily feeding 

and enrichment. Density was counted before being fed to the larvae directly without enrichment. The 

second batch was enriched with enrichment medium (DC-DHA) prepared according to manufacturer’s 

instructions and Artemia was introduced and cultured for a further 24 hrs and harvested. For the first 

experimental day, enriched Artemia was prepared a day ahead for feeding of larvae in the enriched 

treatments. The gut of Artemia nauplii was checked under microscope for presence of enrichment media 
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prior to feeding to zoea larvae at 3 Artemia nauplii/ml.  

Microalgae Nannochloropsis sp. was mass cultured in 3000 L tanks at JCU’s algal culture facility 

using a commercially available fertiliser (AQUASOL, Yates Ltd, New South Wales, Australia). The 

Nannochloropsis cultures were generally reinoculated every 7-10 days. During the experiment, a stock 

solution was made up daily by selecting a Nannochloropsis sp. culture at its exponential phase of growth 

and diluted to 12 psu by mixing it with dechlorinated freshwater in a 20 L container with strong aeration. 

Samples were then taken from the stock solution and the algal density counted using a hemocytometer 

under a high power microscope. The Nannochloropsis concentration of the stock solution was estimated 

by averaging the concentrations of five 1 ml samples. The volume of stock solution required to make up a 

desired concentration of microalgae for each treatment was calculated using the equation:  

C1V1 = C2V2 where C1 was the designated algal concentration for a particular 

treatment and V1 was the total volume required for the treatment for daily water 

exchange; C2 was the algal density of the stock solution and V2 was the volume of 

the stock solution required to make up the designated algal concentration for the 

particular treatment. The required volume of the stock solution was subsequently 

measured and diluted with pre-adjusted 12 psu brackish water to make up the 

total volumes required for daily water exchange.  
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Every 3 days, sixteen larvae (4 from each replicate) were randomly sampled from each treatment 

and their developmental stages identified under a microscope according to Uno and Kwon (1969). The 

larvae were placed in a small pool of water during the stage identification and returned to the original 

culture promptly after staging. Such a process has been shown previously to not lead to larval mortality 

when operated properly. Once postlarvae were found in any replicate during the daily check, they were 

removed from the cultures and euthanazed by quick freezing. The larvae were then measured for their 

carapace length (mm) using a microscope equipped with a camera (Leica). They were subsequently dried 

individually in a 60°C oven for 24 h before being weighed for dry weight using a Cahn C-33 microbalance  

(0.001 mg).  

Based on results of larval staging, larval stage index (LSI) was calculated according to Manzi 

et al. (1977) and Mallasen et al. (2006):  

LSI = (ΣSi xni)/N  

Where, Si = larval stage (i=1-11; representing each larval stage); ni = number of larvae in stage Si; N = 

total number of larvae examined. The cumulated percentage survival from hatching to postlarval stage 

(PL) was determined by dividing the total number of successfully metamorphosed PL by the initial number 

of larvae stocked in each replicate.  

 

Mass cultures of the six different treatments were carried out separately in 10L containers under similar 

microalgae concentrations, feeding regime and daily water exchange with culture conditions kept uniform 

as that of the experiment. Upon settlement, post larvae were harvested and snap frozen in liquid nitrogen 

and stored in -80°C for fatty acid analyses.  
 

Lipids were extracted from samples with chloroform/methanol by the method of Folch et al (1957). 

Total lipid was determined gravimetrically on an aliquot of the extract by drying for 4 hours at 80
o

C in a 

pre-weighed glass vial. Aliquots of sample lipid extracts were taken for fatty acid analysis. The lipid fatty 

acids in the extracts were derivitised to their fatty acid methyl esters (FAME) using 14% boron trifluoride-

methanol (Van Wijngaarden, 1967). FAME were analyzed on an Agilent Technologies 6890 gas 

chromatograph using split injection with helium carrier gas and a flame ionization detector. The column 
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used was a DB23 fused silica capillary column, 30m x 0.25mm, with a 0.25µm coating (Agilent 

Technologies, USA). Column oven temperature was held at 140°C for 5 minutes and then elevated at 

3°C/minute  
 

to 210°C where it was held until all FAME of interest had been eluted. FAME were identified by 

comparing their retention times with those of authentic standards (Sigma-Aldrich Co, USA), and were 

quantified by comparison with the response of an internal standard, heneicosanoic acid.  

Data Analyses  

Based on results of larval staging, larval stage index (LSI) was calculated according to Manzi et al. 

(1977) and Mallasen et al. (2006):  

LSI = (ΣSi xni)/N  

Where, Si = larval stage (i=1-11; representing each larval stage); ni = number of larvae in stage Si; N = 
total number of larvae examined. The cumulated percentage survival from hatching to postlarval stage 
was determined by dividing the total number of successfully metamorphosed PL by the initial number of 
larvae stocked in each replicate.  
 
Larval stage index (LSI) data were analysed using Two-way ANOVA and Tukey’s test was used to 
detect significant differences between treatments at the 0.05 level of significance. Survival, mean 
development time, dry weights and total lengths were analysed using Kruskal-Wallis test and significant 
effects between factors were detected with the Mann-Whitney test. All data was analysed using statistics 
package, SPSS Version 16.0.  
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Results  

3.1 Larval survival  

Larval survival (Fig. 1) in the no algae clear water treatment without enrichment started tapering off in 

early larval culture finally reaching total mortality on day 16. On the other hand, the ‘no-algae’ clear water 

enriched treatment showed significantly (p<0.05) lower survival (18%) than all the other treatments. The 

clear water enriched treatment had lower survival than the microalgae treatments and was not 

significantly different from the non-enriched 2.5 x 10
6 

cells/ml but had significantly lower survival than the 

enriched 2.5 and both 10 x 10
6 

Survival to post larvae in the enriched 2.5 x 10

cells/ml enriched and non-enriched treatments.  

6 

cells/ml was higher (80%) than the non-enriched 2.5 x 10
6 

cells/ml (55%) but were not significantly different from each other. In the higher microalgae treatments, 

enriched 10 x 10
6 

cells/ml (74%) and non-enriched 10 x 10
6 

Mean daily survival of larvae (Fig. 2) in the enriched and non-enriched no algae clear water treatments 

started to drop considerably after Day 9 but more drastically for the non-enriched clear water treatment. 

Total mortality was reached in the non-enriched clear water treatment on day 16. The mean daily survival 

of larvae in the first five days of culture was consistently high in the enriched and non-enriched 

microalgae treatments of 2.5 and 10 x 10

cells/ml (75%) showed similar survival but 

were not significantly (P<0.05) different from each other. Non-parametric results showed that microalgae 

concentration appeared to have significantly (P<0.05) affected survival of post larvae while enrichment 

did not.  

6 

cells/ml. The non-enriched 2.5 x 10
6 

cells/ml showed a gradual 

decline in the mean daily survival however it showed an extensive duration of larval culture, owing to a 

single larva that eventually reached mortality at Day 54. Highest survival was recorded in the enriched 2.5 

x 10
6 

cells/ml treatment (80%) also showed much higher mean daily survival than the higher microalgae 

cultures of 10 x 10
6 

cells/ml however the latter attained post larvae earlier in day 18 in the enriched 10 x 

10
6 

cells/ml. Post larvae were attained shortly after in day 19 for both non-enriched 2.5 and 10 x 10
6 

cells/ml; on day 20 for the non-enriched 2.5 x 10
6 

3.2 Larval development  

cells/ml and the enriched clear water on day 23.  

There was a general trend of decreasing development time to metamorphose to post larvae with 

increasing microalgae concentration (Table 1). The mean development time to post larvae was 

significantly shortest in the highest microalgae concentration of 10 x 10
6 

cells/ml for both enriched (20.5 

days) and non-enriched (21.5 days) which were not significantly different (P<0.05) from each other. 

These two higher algal treatments were significantly different from other treatments except for the non-
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enriched 2.5 x 10
6 

cells/ml (26.96 days) which was not significantly different from the non-enriched 10 x 

10
6 

cells/ml. Mean development time for the enriched (25.76 days) and non enriched (26.96 days) 

microalgae treatments 2.5 x 10
6 

 

cells/ml were not significantly different (P>0.05) from each other as well 

as the no algae treatment (27.28 days). Statistically, microalgae seemed to have some effect on 

development time to post larvae while enrichment did not.  

Differences in the larval development were evident in the first three days of culture (Table 2). Larvae 

reared in the enriched and non-enriched 10 x 10
6 

cells/ml microalgae treatments were significantly 

(P<0.05) advanced in their stages of development than the clear water treatments. LSI in the enriched 2.5 

x 10
6 

cells/ml was also different from the clear water treatments however the non-enriched 2.5 x 10
6 

cells/ml was not. The microalgae and the enriched no clear water algae treatments showed consistently 

significant advanced development than the non-enriched clear water treatment throughout culture. There 

was no interaction effect detected between enrichment and concentration of microalgae however the 

concentration of microalgae appeared to have a consistent significant (P<0.05) effect on development 

throughout larval culture. Microalgae supplemented treatments of 10 x 10
6 

cells/ml generally had a 

tendency to show higher LSI values throughout culture with the enriched 10 x 10
6 

3.3 Post larval dry weight and total length  

cells/ml showing higher 

faster development overall than other treatments.  

Post larval dry weights were higher in the enriched treatments of 0 (0.934mg); 2.5 x 10
6 

cells/ml (0.928 

mg) and 10 x 10
6 

cells/ml (0.863 mg) (Table 1). The non-enriched treatments showed lower dry weights in 

the 2.5 x 10
6 

cells/ml (0.659mg) and 10 x 10
6 

cells/ml (0.840 mg). Post larvae in the enriched (0.863 mg) 

and non-enriched (0.848 mg) 10 x 10
6 

cells/ml were significantly different from both enriched and non-

enriched the 2.5 x 10
6 

cells/ml, but were not significantly different from each other as well as the clear 

water enriched treatment. Enriched 2.5 x 10
6 

cells/ml (0.928 mg) was significantly different from all 

treatments with the exception of the enriched clear water which also produced the heaviest post larvae. 

The only treatment which showed lower post larval dry weights was the non-enriched 2.5 x 10
6 

3.4 Fatty acid profile of post larvae  

cells/ml 

(0.659 mg) and was significantly different from all other treatments. Non-parametric tests showed that 

microalgae density did not have an effect on post larval dry weights while enrichment significantly 

(P<0.05) affected post larval dry weight.  

Postlarvae fed enriched Artemia showed much higher values for docohexaenoic acid (22:6n-3, DHA) with 

higher values when reared in combination with microalgae (Table 3). Non-enriched treatments showed a 
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decline in composition of DHA with increasing microalgae density. Eicosapentaenoic acid (20:5n-3, EPA) 

similarly showed higher values in post larvae fed enriched Artemia and lower quantities of EPA were 

recorded with increasing microalgae concentration. This was also a similar pattern with Arachidonic acid 

(20:4n-6, ARA). Linoleic acid (18:2n-6) showed higher values across all enriched treatments regardless of 

microalgae however this was reversed in Linolenic acid (18:3n-3) with highly inflated values in the non-

enriched treatments. The total saturated fatty acids (ΣSFA), total polyunsaturated fatty acids (ΣPUFA) 

showed similar values regardless of enrichment and microalgae density. Total monounsaturated fatty 

acids (ΣMUFA) and total highly unsaturated fatty acids (ΣHUFA) on the other hand reflected higher 

values for post larvae fed enriched Artemia than the non-enriched post larvae where the latter seemed to 

show a decline in amount of total HUFA with increasing microalgae concentration.  
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Table 1: Mean development time, dry weights and total lengths of Lineage II Macrobrachium 
rosenbergii post larvae cultured at different concentrations of Nannochloropsis sp., fed enriched 
and non-enriched Artemia nauplii.  

 
Same 

superscripts in a column are not significantly different and values displayed are the mean ± SD.  

Treatment (x 106 cells/ 
ml)  

Mean development time 
(days)  

Dry weight 
(mg)  

Total length 
(mm)  

10 + Enrichment  20.50 ± 0.15 a  0.863 ± 0.033 a  10.63 ± 0.25 ab  

10  21.46 ± 1.60 ac  0.848 ± 0.029 a  10.46 ± 0.06 a  

2.5 + Enrichment  25.76 ± 2.40 b  0.928 ± 0.019 b  10.80 ± 0.22 b  

2.5  26.96 ± 4.05 bc  0.659 ± 0.044 c  9.92 ± 0.42 c  

0 + Enrichment  27.28 ± 1.34 b  0.934 ± 0.228 
ab  

10.56 ± 0.98abc  

0  - - - 
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Table 2: Larval stage index (LSI) of Lineage II Macrobrachium rosenbergii  

 

Treatment  Day 3  Day 6  Day 9  Day 12  Day 15*  Day 18*  
0  2.5 ± 0.2 a  4.7 ± 0.4 a  4.9 ± 0.1 a  4.8 ± 0.4 a  5.4 ± 0.4  - 
0 + enrichment  2.6 ± 0.1 a  4.8 ± 0.3 a  5.8 ± 0.6 b  6.4 ± 1.0 b  6.8 ± 2.4  6.0 ± 4.4  

2.5 x 106 cells/ml  2.9 ± 0.3 ab  5.0 ± 0.2 a  6.0 ± 0.4 b  6.6 ± 0.9 b  8.3 ± 1.0 b  8.1 ± 0.9 a  

2.5 x 106 cells/ml + enrichment  2.9 ± 0.1b  5.1 ± 0.3 a  5.9 ± 0.8 b  7.0 ± 1.3 b  8.9 ± 1.3 b  8.9 ± 1.2 a  

10 x 106 cells/ml  3.2 ± 0.2 b  5.1 ± 0.1 a  5.9 ± 0.1 b  7.4 ± 0.5 b  8.4 ± 1.1 b  9.2 ± 1.1 a  

10 x 106 cells/ml + enrichment  3.2 ± 0.4 b  5.1 ± 0.3 a  6.2 ± .6 b  7.0 ± 0.2 b  9.4 ± 0.9 b  10.7 ± 0.2 
b  

0 treatment not included in two way anova.       
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Table 3: 
Total fatty 
acid 
profile (%) 
of 

Lineage II Macrobrachium rosenbergii post larvae cultured at different concentrations of 
Nannochloropsis sp., fed enriched and non-enriched Artemia nauplii.  

 
 
 

Fatty Acid (% 
in  

0 x 10 cells/  0 x 10 cells/  2.5 x 10  2.5 x 10  10 x 10  10 x 10 
cells/  

total fatty 
  

ml  ml enriched  cells/ ml  cells/ ml  cells/ ml  ml enriched  

        
 14  1.3  1.25  1.3  1.28  1.1  1.69  

15  0.3  0.36  0.3  0.35  0.2  0.49  
16  16.6  15.36  15.9  15.22  15.4  17.02  
17  1.0  1.02  0.9  0.98  0.9  1.02  
18  11.4  9.90  10.2  9.78  11.8  8.01  
19  - - - - - - 
20  0.3  0.23  0.3  0.23  0.3  0.30  
22  0.3  0.23  0.4  0.23  0.3  0.47  
24  0.3  0.16  0.3  0.17  0.3  0.36  
ΣSFA  31.62  28.51  29.53  28.25  30.28  29.37  
14:1n-5  - - - - - - 
16:1n-7  0.7  1.35  1.1  1.43  1.0  1.94  
17:1n-8  - - - - - - 
18:1n-9  18.1  21.06  18.5  20.74  18.4  22.17  
18:1n-7  6.6  6.71  5.9  6.61  6.8  6.09  
20:1n-11  - 0.12  - 0.12  - 0.22  
20:1n-9  0.6  1.13  0.6  1.13  0.7  1.24  
20:1n-7  - - - - - - 
22:1n-11  - - - - - - 
22:1n-9  - - - - - - 
22:1n-7  - - - - - - 
24:1n-9  - - - - - 0.15  
ΣMUFA  26.07  30.38  26.08  30.03  26.91  31.81  
18:2n-6  5.6  8.00  6.1  7.78  5.7  7.55  
18:3n-3  19.3  10.68  23.2  10.75  23.4  9.37  
18:4n-3  1.5  0.70  2.3  0.73  2.5  0.69  

 

20:2n-6  0.5  1.06  0.5  1.06  0.6  0.71  
20:3n-6  - - - - - - 
20:4n-6  2.3  2.23  1.9  2.30  1.6  2.38  
20:3n-3  2.1  2.07  2.3  2.19  3.3  1.03  
20:4n-3  - - - - - - 
20:5n-3  8.3  8.90  7.0  9.07  5.1  8.80  
22:4n-6  - - - - - - 
22:3n-3  - - - - - - 
22:5n-6  0.2  0.31  0.2  0.33  - 0.40  
22:5n-3  0.2  0.31  0.2  0.31  0.1  0.45  
22:6n-3  2.3  6.86  0.8  7.20  0.6  7.44  
ΣPUFA  42.31  41.11  44.39  41.72  42.81  38.82  
n-3 PUFA  33.66  29.51  35.73  30.25  35.00  27.78  
n-6 PUFA  8.66  11.61  8.66  11.48  7.81  11.04  
n-3/n-6  3.89  2.54  4.13  2.64  4.48  2.52  
ΣHUFA  15.94  21.75  12.82  22.47  11.22  21.20  
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Table 4: Fatty acid profile (mg/g of dry sample) of Lineage II Macrobrachium rosenbergii post 
larvae cultured at different concentrations of Nannochloropsis sp., fed enriched and non-enriched 
Artemia nauplii.  

Fatty acid 0 x 10 cells/ 0 x 10 cells/ ml 2.5 x 10 cells/ 2.5 x 10 cells/ 10 x 10 cells/ 10 x 10 cells/ (mg/g of dry sample) ml enriched ml ml 
enriched ml ml enriched  

 
14  0.63  0.97  0.66  0.90  0.60  1.18  
15  0.16  0.28  0.15  0.25  0.12  0.34  
16  7.84  11.85  8.27  10.73  8.50  11.90  
17  0.49  0.78  0.45  0.69  0.52  0.71  
18  5.40  7.64  5.27  6.90  6.52  5.60  
19  - - - - - - 
20  0.14  0.18  0.16  0.16  0.16  0.21  
22  0.14  0.17  0.19  0.16  0.16  0.33  
24  0.15  0.12  0.18  0.12  0.16  0.25  
ΣSFA  14.95  22.01  15.33  19.92  16.75  20.54  
14:1n-5  - - - - - - 
16:1n-7  0.35  1.04  0.57  1.01  0.54  1.35  
17:1n-8  - - - - - - 
18:1n-9  8.57  16.26  9.58  14.63  10.17  15.50  
18:1n-7  3.14  5.18  3.07  4.66  3.78  4.26  
20:1n-11  - 0.09  - 0.08  - 0.16  
20:1n-9  0.26  0.87  0.31  0.80  0.40  0.87  
20:1n-7  - - - - - - 
22:1n-11  - - - - - - 
22:1n-9  - - - - - - 
22:1n-7  - - - - - - 
24:1n-9  - - - - - 0.10  
ΣMUFA  12.33  23.44  13.54  21.17  14.89  22.24  
18:2n-6  2.65  6.17  3.16  5.49  3.14  5.28  
18:3n-3  9.11  8.24  12.04  7.58  12.96  6.55  
18:4n-3  0.71  0.54  1.19  0.51  1.37  0.48  
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20:2n-6 0.25 0.82 0.24 0.75 0.32 0.50 20:3n-6 -----20:4n-6 1.10 1.72 1.01 1.62 0.86 1.66 20:3n-3 0.99 1.60 1.17 1.55 1.81 0.72 20:4n-3 -

----20:5n-3 3.92 6.87 3.61 6.40 2.82 6.15 22:4n-6 -----22:3n-3 -----22:5n-6 0.09 0.24 0.08 0.23 -0.28 22:5n-3 0.10 0.24 0.10 0.22 0.08 

0.32 22:6n-3 1.09 5.29 0.43 5.08 0.32 5.20  

ΣPUFA 20.00 31.73 23.04 29.42 23.68 27.14  

n-3 PUFA 15.91 22.77 18.55 21.33 19.36 19.42 n-6 PUFA 4.09 8.96 4.50 8.09 4.32 7.72 n-3/n-6 1.26 1.39 1.24 1.38 1.22 1.40  

ΣHUFA 7.54 16.78 6.65 15.84 6.21 14.82  

TOTAL 47.28 77.18 51.92 70.51 55.31 69.91 "-" indicates <0.05mg/g  

Figure Legends  

Figure 1: Final survival of Lineage II Macrobrachium rosenbergii post larvae cultured at different 
Nannochloropsis sp. concentrations and fed either enriched and non-enriched Artemia nauplii.  

Figure 2: Mean daily survival of Lineage II Macrobrachium rosenbergii during larval culture at different 
concentrations of Nannochloropsis sp. and fed either enriched or non-enriched Artemia nauplii  
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Figure 2  
2.5 + Enrichment  

6  
10 10 + Enrichment  



121 

Time (Days 

  

 



122 

11.7 Appendix 7: Reports on farmer training in PNG 
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