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Foreword 

Farming of redclaw, a freshwater crayfish, is a small but dedicated industry in Australia, producing 

approximately 60 tonnes annually, worth around A$1million. The majority of redclaw farms are 

located in rural tropical north Queensland. Over the past decade, redclaw aquaculture industry growth 

had stagnated and more recently, has declined. Problems associated with feeds have been identified as 

major factors impacting industry productivity and profitability. Such problems include the low water 

stability of commercial feed, commercial feed only being available in one size, and the lack of a 

proper industry feeding management standard. 

These feed and feeding problems were addressed in this project through a series of laboratory trials 

over the two-year project. This report provides clear evidence and shows practical ways that current 

feed formulation and feeding management can be improved, to better meet the requirements of the 

redclaw farming industry.  

This project was funded from RIRDC core funds, which are provided by the Australian Government. 

This report is an addition to RIRDC’s diverse range of over 2000 research publications and it forms 

part of our Animal Industries RD&E program, which aims to conduct RD&E for new and developing 

animal industries that contribute to the profitability, sustainability and productivity of regional 

Australia. 

Most of RIRDC’s publications are available for viewing, free downloading or purchasing online at 

www.rirdc.gov.au. Purchases can also be made by phoning 1300 634 313. 

 

Craig Burns 

Managing Director 

Rural Industries Research and Development Corporation 

http://www.rirdc.gov.au/
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Executive summary 

What the report is about 

The costs of feed and feeding in intensive aquaculture represent the greatest proportion of operational 

expenses, impacting directly on industry profitability. Problems with feeds and feeding have been a 

major cause of concern for redclaw farmers for years, and present a significant bottleneck to the 

industry. The report details a project conducted to address major issues pertaining to feeds and 

feeding that have been identified by the redclaw industry. Such research is important to the industry, 

as it could lead to improved productivity and profitability.  

Who is the report targeted at? 

Redclaw farmers are the primary target of this report, but feed companies could also benefit from this 

report, by adopting recommendations to improve their feed formulation and production range. 

Where are the relevant industries located in Australia?  

Redclaw is a freshwater crayfish native to tropical Australia, and requires warmer climates for growth. 

The majority of redclaw farms are currently located along the coastal strip of Queensland, and the 

northern inland areas of the state. The Northern Territory and northern Western Australia are also 

suitable for redclaw production, but few significant farms have been developed in these areas so far.  

Production of the redclaw aquaculture industry has declined from its peak of 106 tonnes annually in 

2006. Industry statistics are unclear, but the majority of redclaw produced comes from a relatively 

small number of farms. This research could benefit existing farmers by improving viability and 

profitability of their operations. As a result, this may attract new entrants, while encouraging the 

expansion of existing small farms. 

Background 

Redclaw farming is a small but dedicated industry in Australia. In modern aquaculture, the costs of 

feed and feeding represent the greatest proportion of ongoing operational expenses, and therefore 

directly affect the viability and profitability of an aquaculture venture. Problems with feeds and 

feeding have been a major cause of concern for redclaw farmers for years, and have been considered 

one of the major contributors to the industry’s decline from its peak in 2006. Major problems 

associated with feeds and feeding for the redclaw industry in Australia include: commercial feeds that 

have poor water stability and are only available in one size, and the industry’s lack of an efficient 

industry feeding management standard. Each of these have serious impacts on the bottom line of the 

industry. 

Aims/objectives 

The primary aim of this two-year project was to lay a solid foundation and prepare the way forward 

for a second project that will deliver the redclaw crayfish industry comprehensive information 

covering nutrition, feeds and feeding management based on both field and laboratory studies. To 

achieve that aim, the four objectives for this project were to:   

 develop a pellet with acceptable water stability 

 determine a feeding regime that ensures maximum efficacy 

 investigate if pellet size affects feed intake and utilisation efficiency for different-sized 

redclaw 
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 explore locally available alternative feed ingredients. 

Methods used  

The four objectives were achieved through a series of laboratory trials. 

In order to identify a method to effectively improve water stability of present redclaw feed, 

commercial pellets were crushed and bound with six different binders (agar, alginate, carboxymethyl 

cellulose, carrageenan, polyvinyl alcohol and starch), at an identical concentration of 3 per cent, to 

determine binder characteristics relating to water stability of pellets. The overall best performer, 

alginate, was identified and subsequently used to bind crushed commercial pellets at five different 

concentrations (2.0–4.4 per cent), to determine the best inclusion level. 

To determine a feeding regime that ensures maximum efficacy, redclaw were cultured individually in 

the laboratory under identical conditions, except that they were fed on one of four different feeding 

intervals (every 1, 2, 3 and 4 days). The redclaw were cultured for 20 weeks and data were collected 

to assess their performance. 

To evaluate feeding efficiency as well as food wastage, commercial redclaw feed was crushed and re-

pelleted into five different sizes (1 to 7 mm diameter) and the feeding responses of redclaw of three 

size categories (i.e. juveniles, sub-adults and adults) were assessed to identify the optimal pellet size.    

The palatability of whole, raw soybeans and cow peas, as a locally available alternative feed, was 

evaluated against the commercial pellets through both choice and non-choice feeding experiments. 

The feeding responses of individual redclaw pre-starved for 24 hours were monitored and quantified 

for both juvenile and sub-adult redclaw. 

Results/key findings 

All objectives were successfully achieved and detailed as follows: 

 Significantly improved pellet water stability was achieved by adding alginate as the binder at 

4.4 per cent. Pellet water stability was shown to be dramatically improved, from total 

disintegration within one hour (for the current commercial feed), to remaining in pellet form 

for more than 24 hours with the binder addition 

 Cost-effective feeding regimes were identified with respect to feeding interval under 

laboratory conditions. Results suggest that redclaw don’t need to be fed every day, and a 

feeding interval of once every four days didn’t have significant detrimental effects 

 Changes in optimal food particle size were determined, with clear evidence showing that 
inappropriate feed size led to low feeding efficacy and significant feed wastage. The 4.5 mm 

commercial pellets were shown to be too big even for adult redclaw up to 50 grams 

 Laboratory investigations into possible use of locally available raw materials (e.g. soybean) as 

alternatives to formulated feeds were performed, with promising results. Raw soybean was 

shown to be well accepted and ingested by redclaw, suggesting it can serve as a viable and 

cost-effective alternative and/or supplement diet for redclaw. 
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While the outcomes of the present project are largely laboratory based and need to be tested in pond 

culture situations, industry interest in the results is very high with some recommendations already 

being taken up by redclaw farmers. Meanwhile, the results outlined form a solid and vital platform to 

a further project, which has been funded by RIRDC with a cash contribution from the industry. 

Implications for relevant stakeholders 

The project demonstrated that current practices on feeds and feeding in redclaw farming can be 

substantially improved. It also provides guidance on practices which can lead to significant 

enhancement in productivity and profitability for the redclaw aquaculture industry. 

Improvements in the production efficiency and commercial viability of redclaw farming in Australia 

invariably have flow-on benefits to what is essentially a small, and sometimes isolated, part of the 

Australian rural community, where redclaw farming is carried out.   

The feed company producing redclaw feed could also benefit by adopting recommendations from the 

project to improve their product quality and diversity to better meet industry requirements. They in 

turn could also stand to benefit from expansion of redclaw farming industry as the results of improved 

productivity and profitability. 

For the redclaw industry to maintain its viability and enter a new phase of expansion, continual 

improvements in productivity are required. This includes those achieved through this research.  

Animal production industries, such as redclaw farming, offer unique benefits for Australian 

communities living in rural areas. Yet, as small industries facing an uncertain future, they require 

active encouragement and realistic partnerships and investment from different levels of governments 

and research institutes to support and provide crucial RD&E. Otherwise, not only will production 

potential be constrained, but the industries risk further decline. 

Recommendations 

This report provides clear evidence and shows practical ways that current feed formulation and 

feeding management can be improved to enhance productivity of the redclaw farming industry. It is 

recommended all stakeholders, both existing and potential redclaw farmers and feed companies, read 

this report and consider adopting its recommendations to improve their production and productivity. 
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Introduction     

The freshwater crayfish, Cherax quadricarinatus, commonly known as redclaw, is considered to hold 

high potential for aquaculture development in tropical Australia (Pavasovic et al. 2007) because of its 

many favourable biological, physical and commercial attributes for culture. These include a relatively 

simple life cycle, an omnivorous feeding habit requiring low protein feeds, high growth rates, a 

relatively simple production method, and tolerance to a wide range of water quality (Lawrence & 

Jones 2002). Therefore, it was widely expected that the redclaw farming industry would expand 

quickly during the early stage of industry development last century (Jones 1990). However, against 

such high expectation, the industry has largely stagnated after initial expansion in the 1980s and 

1990s and in recent years industry production and value have started to decline (Figure1) (Lobegeiger 

& Wingfield 2006, 2010).  

Various problems have contributed to the declining production of the industry in recent years and an 

industry survey conducted in 2001 with the assistance of the Queensland Department of Primary 

Industry identified breeding for faster growth redclaw strains, disease management, and feeds and 

feeding management as the top priorities for the industry. The survey was used to formulate the 

Strategic Development Plan for the Australian redclaw industry. With support from the Rural 

Industries Research and Development Corporation (RIRDC), the redclaw selective breeding program 

was successfully implemented, which proved that it is genetically possible to breed faster-growing 

redclaw (Stevenson et al. 2013). However, this advance cannot be capitalised upon without the 

establishment of best feeds and feeding management strategies for the industry.  

 

Figure 1.  Redclaw production and total value trends in Queensland from 2002–03 to 2009–10 

(based on Lobegeiger & Wingfield 2006, 2010). 

 

The costs of feeds and feeding in modern aquaculture represent the greatest proportion of operational 

expenses. In a high-intensive culture system, up to 70 per cent of operating costs could be due to feed 

(Sanhotra 1994).  High-quality feeds enhance growth and minimise wastage. On the other hand, 

adopting a proper feeding management practice is also critical in reducing feed wastage and labour 

costs. Unfortunately, for redclaw farming industry, feeds and feeding have been a major problem 

since the initiation of the industry last century. In other aquaculture sectors, feed companies normally 
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play a major role in feed development, but approaches from the redclaw industry to feed companies 

has met with little interest because of relatively small and scattered demand. The four major issues of 

feeds and feeding for the redclaw industry have been identified as:  

 

1. The commercial redclaw feeds currently available have poor underwater stability. Feed pellet water 

stability is an important consideration in the manufacture of aquaculture diets. Even a nutritionally 

balanced diet exhibiting poor water stability will quickly become nutritionally impoverished as a 

result of nutrient loss through leaching (Tolomei et al. 2003); therefore, an ideal formulated feed 

needs to satisfy not only the nutritional requirements for the animal but also the water stability 

requirements (Obaldo et al. 2002). The underwater durability of available commercial redclaw pellets 

in Australia is measured in minutes (Figure 2) and this affects their availability and nutritional value 

to redclaw, particularly considering redclaw, like other crustaceans, do not feed instantaneously as is 

the case with fish.    

 

Figure 2.  Commercial redclaw feed disintegrates in water in minutes. 

2. Presently, there is no standard feeding management practice for the redclaw industry. Feeding 

intervals vary from one farm to another, and intervals range from once per day to once per week, or 

whenever a farmer has time. Clearly, these practices arose from an absence of reliable information on 

best feeding practice, which is itself caused by a lack of research. Obviously, poor feeding 

management will result in low feed efficiency and productivity of any aquaculture industry, and a 

dedicated and economical feeding regime needs to be developed for redclaw. 

3. Commercial redclaw feed is currently only available in one size (4.5 mm in diameter) for all 

developmental stages of the animal in Australia. It is well known that as animals grow, their preferred 

size of food as well as nutritional requirements also vary. In other more mature aquaculture sectors, 

feeds are available in various sizes and formulations for different life stages of the animal. For 

example, barramundi pellets are available in eight sizes and similarly, feeds for saltwater prawns 

come in a range of sizes and formulations. In the cases of barramundi and saltwater prawn industries, 

appropriate research has provided the basis for optimising food presentation and composition which in 

turn has supported the growth of these industries. A similar approach should provide the redclaw 

industry with the scientific basis for feed formulation and development.  

4. Aside from the problems of water stability and lack of size choice of commercial redclaw feed, 

since most redclaw farms are located in remote areas and small in scale, the costs for long distant 

freight as well as cold storage can be substantial. As an omnivorous animal, redclaw can feed on a 
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wide range of foods and historically, redclaw farmers have tried anything that was locally available 

and cheap to buy and transport, which included soybeans, reject potatoes, grain, and chicken and dog 

pellets. However, the palatability and extent of utilisation of these materials compared to commercial 

pellets by redclaw are largely unknown.   

The redclaw industry is at a fledgling stage. Achieving higher production levels and thus encouraging 

serious participants into the industry is paramount to its advancement. It is clear that research and 

development (R&D) are urgently needed to tackle the problems outlined above in order to optimise 

the formulated diet and to establish efficient feeding strategies for the redclaw industry. Subsequent 

chapters report in detail of a two-year project funded by RIRDC on such efforts, its results as well as 

implications and recommendations.  
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Objectives    

The overriding aim of the project was to lay a solid foundation and prepare the way forward for a 

Phase II project. The next phase of research will encompass both field and laboratory studies resulting 

in a comprehensive blueprint covering nutrition, feeds and feeding management for the redclaw 

crayfish farming industry.  

To achieve this, the present project employed rigorous scientific means to address the following 

objectives:  

 develop a pellet formulation to provide a feed that has acceptable water stability 

characteristics 

 determine a feeding regime that ensures maximum feeding efficacy 

 investigate how various pellet sizes benefit feed intake as animals develop 

 establish the nutritional requirements for redclaw and investigate what locally available 

ingredients can be used as alternatives to formulated feeds. 
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Chapter 1: Effects of binder type and 

concentration on water stability of redclaw 

formulated feeds 

1.1 Introduction     

Since the early 2000s, a mixture of grains has been used as a major protein source for the production 

of commercial redclaw feeds (Ruscoe et al. 2005). However, the resulted pellets are poorly bound, 

often disintegrating and breaking up within minutes of being immersed in the water (see Figure 2). It 

is believed that while these alternative plant ingredients used to replace fishmeal reduce feed costs, 

they tend to create problems in terms of pellet integrity as feed ingredients can have a direct influence 

on its water stability (Dominy & Lim 1991). For example, in their review of water stability for shrimp 

diets, Lim and Cuzon (1994) concluded that ingredients that are hard to grind or have little or no 

binding properties, such as rice and oat hulls, are likely to result in pellets with poor water stability. 

More than 42 per cent inclusion level of soybean material also significantly decreased the water 

stability of pellets (Lim & Dominy 1990).  

Pellet quality with respect to its stability in water is of considerable significance for crayfish because 

they generally find food through chemoreception (Grasso & Basil 2002) and after locating the feed, 

they process it by external mastication before ingestion (Saez-Royuela et al. 2001). Due to this 

feeding behaviour, the duration that pellets remain stable under water is important (Meyers & Zein-

Eldin 1972).  

High pellet water stability is defined as retention of physical pellet integrity with minimal 

disintegration and nutrient leaching during immersion prior to consumption (Marchetti et al. 1999). 

Pellets that break up into small pieces and quickly leach nutrients (Obaldo et al. 2002), particularly 

within the first 30 minutes of exposure to water (Genodepa et al. 2007), could lead to reduced water 

quality, poor animal growth, inefficient feed conversion and low survival (Obaldo et al. 2002).  

A major method to increase pellet water stability is to add certain binders to bind feed ingredients 

together and recent research has investigated the incorporation of various binders in aquaculture feeds 

(D’Agaro & Lanari 2004; Ruscoe et al. 2005; Volpe et al. 2008; Volpe at al. 2011). Carbohydrate 

binders are more frequently used for crayfish formulated diets after Xue et al. (1999) revealed that 

redclaw produce endogenous enzymes capable of digesting complex carbohydrates. The most 

frequently used carbohydrate binders include alginate, agar, carboxymethyl cellulose, starch and 

carrageenan (D’Agaro & Lanari 2004; Ruscoe et al. 2005, Volpe et al. 2008; Volpe et al. 2011).  

The concentration of the binder to be incorporated is another important consideration. Pellets 

containing binder concentrations that are too low may not be adequately water stable, resulting in 

deterioration of water quality and loss of valuable dietary nutrients (Wolf 2004). On the other hand, 

overly high concentrations of binding agents can result in a lack of nutritional value due to the 

replacement of key nutrients by binding agents, which is also more likely to increase feed cost 

(Hashim & Maat Saat 1992; Durazo-Beltrán & Viana 2001; Moond et al. 2004; Paolucci et al. 2012). 

The optimal binder concentration is reportedly also affected by ingredient composition. For example, 

Durazo-Beltrán and Viana (2001) found that pellet stability increased as alginate decreased to 0.5 per 

cent for formulations containing fishmeal whereas in treatments with fish silage as the protein source, 

feed stability increased as alginate increased to 1.6 %.   

Therefore, the aim of this study was to evaluate whether the addition of various binders and at 

different concentrations might improve water stability of the currently available commercial redclaw 

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2004.00324.x/full#b25
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feed. This was achieved through two-step trials, i.e. firstly, six binders (alginate, agar, carrageenan, 

carboxylmethyl cellulose (CMC), polyvinyl alcohol (PVA) and starch) were mixed at an identical 

concentration with crushed commercial redclaw pellets and re-pelletised as dry pellets; then the water 

stability of these pellets was compared to determine the best binder. Utilising a similar approach, the 

best binder identified was subsequently incorporated at a range of concentrations to determine the best 

inclusion level.  

 

1.2 Methodology 

1.2.1: Effect of different binders on pellet water stability 

1.2.1.1 Feed formulation with six different binders 

The commercial redclaw pellets were first ground and then passed through a 710 µm sieve to break up 

any clumped particles. Thereafter, 200 grams of sieved feed were weighed and mixed with each of the 

six binders, agar, alginate, CMC, carrageenan, PVA and starch (Sigma-Aldrich, Sydney), to make the 

pellets for each treatment. Characteristics of the six binders tested are listed on Table 1. Each binder 

was weighed at 3 per cent of total diet dry weight and dissolved in 120 mL of 65°C distilled water, 

except carrageenan which was dissolved in an extra 100 mL of distilled water (i.e. 220 mL). Each 

binder solution was then thoroughly mixed with ground commercial redclaw feed and kneaded until it 

formed a soft dough. Subsequently, a small pelleter was used to pelletise the dough into spaghetti-like 

strands which were then placed on aluminium foil dishes and oven dried at 60°C until a constant 

weight was achieved. Thereafter, strands were broken manually to small sizes of approximately 5 mm, 

packed in plastic bags and stored at 10°C to maintain quality until used for the trial.  

Seven treatments were set up including six experimental treatments using different binders and the 

commercial redclaw pellets as the control. All seven treatments were assessed for water stability 

firstly at 10 minutes, 30 minutes and 1 hour. After this the control treatment was excluded due to the 

fact that it had totally disintegrated, however, the six experimental treatments were further tested for 

water stability at 2 hours, 4 hours, 8 hours, 12 hours and up to 24 hours.  

Table 1. List of the binders tested. 

Binder Source Nutritional value to 

redclaw? 

Agar  Red seaweeds Yes, carbohydrate  

Carrageenan  Red seaweeds  Yes, carbohydrate 

Alginate  Brown seaweeds   Yes, carbohydrate 

Starch Corn Yes, carbohydrate 

Carboxymethyl cellulose Cellulose Yes, carbohydrate 

Polyvinyl alcohol Synthetic No    
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1.2.1.2 Assessment of pellet water stability: leaching and pellet physical form  

The procedure for assessment of water stability of the various binder treatments was modified from 

D’Agaro and Lanari (2004). Four replicates (n=4) of identical measured amounts of pelleted feeds 

from each treatment were immersed in 1 litre glass beakers (labelled with treatment) filled with 

dechlorinated water and incubated in a water bath at 27°C (Figure 3). The water volume of the water 

bath was maintained by refilling with water of the same temperature every morning to compensate for 

evaporation and replicates of each treatment were randomly distributed in the water bath.  

 

 

Figure 3. One litre glass beakers (labelled for treatments) filled with fresh water and incubated 

in a water bath at 27°C for assessing water stability of different binder treatments.  

 

The leaching, defined as percentage of dry matter loss (DML), and disintegration of physical form of 

the experimental pellets was monitored at 10 and 30 minutes, and 1, 2, 4, 8, 12 and 24 hours. The 

pellets in each beaker were photographed at each monitoring time with a digital camera (Samsung 

model ES 15) with 10.2 effective megapixels for high-definition pixel images. Pellet physical form 

was classified in six categories (Figure 4) and considered to be still in pellet form if they were 

‘stable’, ‘cracked’ or ‘divided’ (Figure 4).  

After classifying the physical form, the beaker solution with the pellets was poured through a pre-

weighed Whatman No. 1 filter paper (pre-dried at 60°C for 24 hours) to retain pellets or disintegrated 

particles from pellets on the filter paper, which were then oven dried at 60°C until weight became 

constant. DML of the pellets over a specific period of underwater submersion was then calculated as 

the difference between initial and final weight at each sampling time based on Ruscoe et al. (2005) 

and expressed as follows: 

DML (%) = Wo–Wt/ Wo * 100 

Where Wo is initial pellet dry weight (grams), and Wt is remaining dry weight at each sampling time t 

after immersion (grams) 
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Figure 4. Classification of pellet physical form after immersion in water. 

 

 

 

 

 

 

 

Partially disintegrated 

Partially divided 
Totally divided 

 

Totally disintegrated 

Stable 

 

Cracked 



 

9 

1.2.2 Effect of binder inclusion level on pellet water stability 

Based on the results of the binder experiment (1.2.1), of the six binders tested alginate was identified 

as the best treatment for water stability and was hence used for testing the best incorporation 

concentration for pellet water stability. Pellets bound with five alginate inclusion concentrations of 

2.0, 2.6, 3.2, 3.8 and 4.4 per cent total diet dry weight were formulated and tested for their water 

stability. The experimental procedure for feed formulation (1.2.1.1) and assessment of water stability 

(1.2.1.2) of the resulting pellets were the same as for the binder experiment (1.2.1).   

1.2.3 Data analysis 

All data are presented as mean ± standard error (SE). Mean DML percentages were compared using a 

factorial analysis of variance (ANOVA), followed by Tukey’s honestly significant difference (HSD) 

test to separate the means at P> 0.05 among treatments to determine significant differences between 

them. For each analysis, the assumptions of ANOVA were tested. All percentage data were arcsine 

transformed prior to analysis. All statistical analyses were performed using the statistical software 

package Statistica version 10. 

 

1.3 Results 

1.3.1 Effect of binders on pellet water stability  

1.3.1.1 Leaching and pellet physical form change during the first hour of immersion 

As measured by percentage dry matter lost (DML%), leaching of the control pellets (i.e. original 

commercial redclaw pellets) was significantly higher, at 14.4±1.0 per cent, than all binder treatments 

after 10 minutes of immersion. Of the six binder treatments, CMC treatment had the highest leaching 

at 9.9±0.7 per cent, which is followed by starch, agar, PVA and carragenean treatments while alginate 

had the lowest leaching at only 5.6±0.5 per cent, which was also significantly lower than all other 

treatments except the carragenean treatment. The trend remained largely the same after 30 minutes 

and 1 hour of immersion; with increasing immersion time, DML of each treatment increased steadily 

(P<0.05, Table 2). At 1 hour of immersion, the control treatment lost almost one-quarter of its original 

dry weight (23.8±0.7 per cent) while the lowest leaching of the best experimental treatment (i.e. the 

alginate) was less than half of this at 11.4±0.5 per cent. All other binders also showed significantly 

lower leaching as compared to the control (Table 2). Statistical analyses showed that binder treatment, 

immersion time and their interaction all significantly affected DML (factorial ANOVA: Treatment, 

F6,63=94.091, P<0.001; Time, F2, 63=168.159; P<0.001; interaction, F12, 63=44199, P<0.001).  

After 10 minutes of submersion, the physical form of all six experimental treatments bound with 

different binders remained stable but the control had already cracked. The pellets of the control 

treatment were partially disintegrated within 30 minutes and totally disintegrated within the first hour 

of immersion. All other pellets bound with experimental binders remained in a stable form after 30 

minutes; however, by 1 hour of submersion all but the pellets bound with alginate as the binder had 

cracked (Table 2).  
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Table 2. DML% (mean ± SE) and pellet physical form change of formulated redclaw pellets 

bound with different binders and the control during 1 hour of immersion. Different 

superscripts within the same column indicate significant differences (P<0.05).  

Binder   DML% Pellet physical form 

Submersion time  

10 min 30 min 1 h 10 min 30 min 1 h 

Control  14.4±1.0
c
 18.2±1.2

 d
 23.8±0.7

 c
 crack partially 

disintegrated 

totally 

disintegrated 

Alginate  5.6±0.5
a
 6.5±0.81

 a
 11.4±0.5

 ab
 stable stable stable 

Agar  8.4±0.6
b
 10.8±0.5

 abc
 13.5±0.4

ab
 stable stable cracked 

Carragenean 7.0±0.9
 ab

 10.5±0.3
 abc

 12.4±0.6
a
 stable stable cracked 

CMC  9.9±0.7
b
 12.5±0.7

 c
 15.9±0.6

 b
 stable stable cracked 

Starch  9.1±0.5
b
 11.7±0.3

 bc
 14.1±0.4

 ab
 stable stable cracked 

PVA  8.2±0.4
 b
 10.7±0.3

 abc
 13.9±0.5

ab
 stable stable cracked 

 

1.3.1.2 Leaching and pellet physical form change during 2 to 24 hours immersion 

Due to the fact that the commercial redclaw pellet control had totally integrated within 1 hour of 

submersion, it was excluded from data collection after that time. During the period of 2 to 24 hours 

immersion, the DML differed significantly between binder treatments at each sampling time while the 

rate of DML changes over time also varied among treatments (factorial ANOVA: Treatment, 

F5,90=73.15, P<0.001; Time, F7,90=87.85, P<0.001; Table 3). A significant interaction was observed 

between binder treatments and immersion time (factorial ANOVA: F20,90=4.87,P<0.001). For 

example, after 2 hours of immersion, the PVA treatment had significantly higher DML (20.6±0.6 per 

cent) than that of alginate (14.3±0.4 per cent) and agar treatments (15.7±0.6 per cent), but no 

significant difference was found when compared to the pellets bound with starch, CMC or 

carrageenan (P>0.05). After 8 hours of immersion, the PVA-bound pellets showed significantly higher 

DML (P<0.05; Table 3) than all other treatments and was the only binder treatment to lose more than 

30 per cent DML after 12 hours of immersion (31.5±1.1 per cent). At 24 hours of immersion, the 

pellets bound with alginate had the lowest DML (20.2±1.2 per cent), which was significantly lower 

than treatments bound with starch (25.1±0.2 per cent) and PVA (33.0±1.8 per cent) (P<0.05) but was 

not significantly different from treatments bound with carrageenan (23.2±1.4 per cent), agar (23.4±0.6 

per cent) and CMC (22.2±0.4 per cent) (P>0.05). Leaching also appears to be more or less stabilised 

after 8 hours of submersion for alginate, CMC and carrageenan treatments (Table 3).  
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Table 3. DML% (mean ± SE) of formulated redclaw pellets bound with different binders after 2 to 

24 hours immersion. Different superscripts within the same column indicate 

significant differences (P<0.05).  

 

Pellet physical form also showed clear differences among treatments during 2 to 24 hours immersion 

and these were apparently influenced by the source binders. At the end of 2 hours immersion in water, 

pellets of all binder treatments were cracked except PVA that was more disintegrated and partially 

divided (Table 4). At 4 hours exposure to water, pellets bound with carrageenan, CMC, starch and 

PVA were partially divided but pellets bound with agar and alginate remained only cracked (Table 4). 

At 8 hours immersion, alginate, agar, carrageenan and CMC bound pellets remained only partially 

divided whereas pellets bound with PVA and starch were totally divided. At 12 hours of submersion, 

pellets bound with binders sourced from seaweeds, i.e. alginate, agar and carrageenan, were only 

partially divided, whereas pellets bound with cellulose (CMC), corn (starch) and synthetic (PVA) 

types of binders were totally divided. At 24 hours of immersion, the pellets bound with alginate 

retained the best physical form and this was the only treatment showing partial division as its highest 

degree of disintegration within 24 of immersion. In fact, all pellets bound by carbohydrate-type 

binders maintained a somewhat pellet form although either partially divided or totally divided, 

however the pellets bound by PVA, the synthetic binder, were already partially disintegrated after 2 

hours submersion (Table 4). 

 

Binder  DML% 

Submersion  time  

2 h 4 h 8 h 12 h 24 h 

Alginate 14.3±0.4
a
 16.2±0.6

c
 22.3±1.0

g
 21.3±0.4

h
 20.2±1.2

j
 

Agar 15.7±0.6
a
 15.6±1.2

c
 19.7±0.9

fg
 21.7±1.2

h
 23.4±0.6

jk
 

Carragenean 16.9±0.6
ab

 17.1±0.8
cd

 21.1±0.6
fg
 20.3±0.9

h
 23.2±1.4

jk
 

CMC 18.4±0.5
ab

 21.1±0.4
de

 22.2±0.1
g
 22.2±0.1

h
 22.2±0.4

jk
 

Starch 16.1±0.3
ab

 16.4±0.6
c
 17.2±0.5

f
 23.4±0.6

h
 25.1±0.8

k
 

PVA 20.6±0.6
b
 24.0±0.7

e
 27.6±1.5

h
 31.5±1.1

i
 33.0±1.8

l
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Table 4. Pellet physical form change of formulated redclaw pellets bound with different binders 

after 2 to 24 hours immersion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.3.2 Effect of binder inclusion level on pellet water stability 

1.3.2.1 Leaching during 24 hours of immersion 

DML of treatments showed a general trend of decreasing with increasing alginate inclusion level 

(factorial ANOVA: Treatment, F4,120=286.17, P<0.001; Time, F7,120=1122.43, P<0.001; Table 5). A 

significant interaction was also observed between binder concentration and immersion time (factorial 

ANOVA: F28,120=9.98, P<0.001). For instance, at 10 minutes immersion time, the DML of pellets 

bound with alginate at a concentration of 3.8 and  4.4 per cent were significantly lower than that of 

treatments with alginate inclusion levels at 2.0, 2.6 and 3.2 per cent (P<0.005)(Table 5). After 30 

minutes immersion, the lowest DML corresponded to the treatment containing 4.4 per cent alginate 

(5.8±0.8 per cent), which was significantly lower than the treatments with alginate inclusion levels of 

2.6 and 2.0 per cent (P<0.005) although not significantly different from the treatments containing 

alginate at 3.2 and 3.8 per cent. Between 1 to 24 hours immersion, treatments containing 4.4 per cent 

alginate had significant lower DML (16.2±0.2 per cent) than all other treatments (P<0.005) and equal 

to less or about half of the DML of the treatments containing alginate at 2.0 per cent (23.9±0.3 per 

cent) and 2.6 per cent (22.1±0.1 per cent) (Table 5).  

 

Binder 

Pellet physical form 

Submersion  time  

2 h 4 h 8 h 12 h 24 h 

Alginate cracked cracked partially 

divided 

partially 

divided 

partially 

divided 

Agar cracked cracked partially 

divided 

partially 

divided 

totally 

divided 

Carragenean cracked partially 

divided 

partially 

divided 

partially 

divided 

totally 

divided 

CMC cracked partially 

divided 

partially 

divided 

totally 

divided 

totally 

divided 

Starch cracked partially 

divided 

totally 

divided 

totally 

divided 

totally 

divided 

PVA partially 

divided 

partially 

divided 

totally 

divided 

totally 

divided 

partially 

disintegrated 
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Table 5. DML% (mean ± SE) of formulated redclaw pellets bound with alginate at different 

inclusion levels during 24 hours immersion. Different superscripts within the same 

column indicate significant differences (P<0.05).  

Alginate 

inclusion 

level 

(% total 

diet dry 

weight) 

DML% 

Submersion time 

10 min 30 min 1 h 2 h 4 h 8 h 12 h 24 h 

4.4 4.8±0.2
a 

5.8±0.8
c
 8.4±0.1

f 
8.0±0.8

i
 14.0±0.5

k
 15.8±0.1

m
 14.4±0.7

o
 16.2±0.2

s
 

3.8 4.2±0.2
a
 7.2±0.5

cd
 11.3±0.4

g
 13.8±0.2

j
 17.6±0.2

l
 17.9±0.4

n
 16.8±0.5

p
 19.6±0.1

t
 

3.2 6.8±0.2
b
 7.5±0.2

cd
 12.3±0.1

gh
 14.3±0.0

j
 17.0±0.1

l
 18.7±0.1

n
 19.7±0.2

q
 20.7±0.1

tu
 

2.6 6.9±0.2
b
 9.1±0.1

de
 13.4±0.3

h
 14.7±0.1

j
 17.0±0.2

l
 19.0±0.1

n
 21.2±0.0

qr
 22.1±0.1

uv
 

2.0 7.8±0.8
b
 10.4±0.3

e
 13.8±0.2

h
 15.0±0.5

j
 17.9±0.2

l
 18.9±0.5

n
 22.2±0.3

r
 23.9±0.3

v
 

 

1.3.2.2 Pellet physical form changes during 24 hours of immersion 

Pellets of all treatments tested remained stable within the first 30 minutes of immersion. Between 1 

and 24 hours immersion, the physical form of pellets generally showed better integration with the 

increase of alginate concentration (Table 6). The treatments with lower alginate inclusion levels of 

2.0, 2.6 and 3.2 per cent cracked after 1 hour of immersion while treatments with higher alginate 

concentrations of 3.8 and 4.4 per cent cracked only at the end of 4 hours and 8 hours of immersion, 

respectively (Table 6). Treatments bound with the lowest concentrations of alginate at 2.0 and 2.6 per 

cent were partially divided at the end of 12 and 24 hours of immersion, respectively; treatments 

containing higher alginate concentrations appeared cracked but not divided at the end of 24 hours of 

immersion (Table 6). 
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Table 6. Pellet physical form of formulated redclaw pellets bound with alginate at different 

inclusion levels during 24 hours of submersion. 

Alginate 

inclusion 

level 

(% total 

diet dry 

weight) 

Pellet physical form 

Submersion time  

10 min 30 min 1 h 2 h 4 h 8 h 12 h 24 h 

4.4 stable stable stable stable stable cracked cracked cracked 

3.8 stable stable stable stable cracked cracked cracked cracked 

3.2 stable stable cracked cracked cracked cracked cracked cracked 

2.6 stable stable cracked cracked cracked cracked cracked partially 

divided 

2 stable stable cracked cracked cracked cracked partially 

divided 

partially 

divided 

 

1.4 Discussion/implications/recommendations 

The results of this study clearly showed that both binder type and binder inclusion level had 

significant effects on the water stability of redclaw formulated feed. The poor water stability of 

currently available redclaw commercial feed in Australia can be substantially improved by 

incorporating alginate as the binder, at an inclusion level of 4.4 per cent of total diet dry weight.  

The commercial redclaw diet tested as the control confirmed its poor water stability as it disintegrated 

totally within one hour of submersion. Of the six binders tested, alginate, agar, and carrageenan 

sourced from seaweeds and CMC from cellulose sources performed better than synthetic PVA and 

starch derived from corn. Alginate is the recommended overall best choice as a binder for retaining 

the best physical form of the pellet and having the lowest DML after 24 hours immersion in water. 

The results are in agreement with those of D’Agaro and Lanari (2004), which indicated alginate is an 

effective binder for binding pellets which use grains as the major protein source. However, results of 

more recent studies had found that alginate is a poorer binder when compared to other carbohydrate 

binders (Volpe et al. 2008; Volpe et al. 2011). The different results are likely due to differences in the 

major protein sources used; in the latter studies, fishmeal and condensed fish solubles were used as 

the main protein sources (Volpe et al. 2008; Volpe et al. 2011). It has been shown that when fish by-

products were used as main ingredients, alginate should be supplemented by a sequestrant, such as 

sodium hexametaphosphate, to achieve better water stability (Ruscoe et al. 2005). 
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Alginate inclusion level was also shown to have significant effects on water stability of the resultant 

redclaw pellets. For the inclusion range of 2.0 to 4.4 per cent used in the current study, the highest 

inclusion level of 4.4 per cent yielded the best results. Although higher alginate inclusion levels may 

further improve pellet water stability, overly high levels of binder inclusion may lead to reduced 

dietary nutritional value as increased binder inclusion levels are at the cost of a reduction in other 

main diet ingredients as well as incurring higher costs. 

In summary, this study showed that all six different binders tested can dramatically improve water 

stability of commercial redclaw pellets. Among the six binders, alginate gave the best result. Further 

tests on various alginate incorporation levels showed that alginate incorporated at 4.4 per cent of total 

diet dry weight is recommended. Such a recommendation represents a simple but effective solution to 

the poor water stability of commercial redclaw pellets in Australia and should be easy for feed 

companies to adopt to improve the quality of their products.     
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Chapter 2: Effects of feeding intervals on 

performance of redclaw using 

commercially available formulated feed 

2.1 Introduction     

Feeding management is an important factor in determining the profitability and success for any 

aquaculture farm. Feeding frequency, or feeding interval, is one of the major considerations in feeding 

management. Conventional feeding strategies have been adopted by many farmers with a belief that 

more frequent feeding leads to faster growth and better food conversion rate in cultured animals. 

Indeed, it has been reported that splitting the same ration of formulated feeds to more frequent feeding 

maximised feeding opportunities (Thomas et al. 2004) and also has the benefit of reducing nutrient 

leaching (Velasco et al. 1999). Hence, less-than-ideal feeding frequencies may result in reduced 

growth and therefore affect the economic viability of a farm (Cho & Bureau 2002). 

On the other hand, the high quality and consistency of formulated feed compared to natural feed could 

mean that less frequent feeding is sufficient to support good growth of aquacultured animals. Devising 

a suitable feeding frequency is also directly linked to feeding habits of cultured animals. Redclaw, like 

many other decapod crustaceans, is capable of devouring a large quantity of food and then refrain 

from feeding from a long period. The omnivorous feeding habit of the redclaw also means that less 

frequent feeding might be fine in pond culture situations where much naturally grown food is 

available to them. Clearly, unnecessary frequent feeding could disadvantage an aquaculture farm since 

frequent feeding in an intensive aquaculture system becomes labour intensive or requires the 

installation of expensive automatic feeders (Sedgwick 1979). Conversely, less-frequent feeding could 

substantially reduce the cost of labour, which is particularly significant for developed countries such 

as Australia, where labour costs are high, and for small farms, as is the case for most redclaw farms in 

Australia. Obviously, striking the right balance on feeding frequency is important to an aquaculture 

farm and can significantly affect its productivity and profitability.  

To date, there is no standard feeding management practice established for Queensland’s redclaw 

aquaculture industry. The feeding interval varies from one farm to another and ranges from once per 

day to once per week or whenever a farmer has time. Clearly, research is needed in this filed since 

both under and overfeeding can be detrimental to the health and growth of the cultured animals.  

This study examined the effect of four different feeding intervals, i.e. once per day, every second
 
day, 

every third day and every fourth day, on the performance of juvenile redclaw over a 20 week culture 

period under controlled laboratory conditions. The range of feeding intervals adopted encompasses 

those most commonly used by Queensland redclaw farmers. 

 

2.2 Methodology 

2.2.1 Experimental animals 

Since the main constraints to intensifying redclaw culture usually have been poor survival and growth 

of juveniles (Jones 1990) when feed is a critical factor (Gonzalez et al. 2011), juvenile redclaw with 

weight ranging from 4 to 12 grams were used for the current study. All experimental juveniles were 

obtained from a commercial farm and prior to the experiment were acclimatised in 2000 litre static 
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circular tanks provided with polyvinylchloride pipes as shelters with aeration. Juveniles were fed to 

satiation at 8:00 am daily with the commercially formulated redclaw diet. Faeces and food remains 

were siphoned out every morning before feeding and a 50 per cent water exchange was carried out 

every other day. 

2.2.2 Culture system 

The system used for the feeding interval study is illustrated in Figures 5 and 6. The compartment 

culture system was adopted to culture redclaw individually, in order to minimise aggressive 

interactions, prevent breeding and avoid cannibalism of the experimental animals which can 

compound the results. A total of 72 cylindrical cages (18 cm high, 14.7 cm in diameter) were 

constructed (Figure 5) and six cages were kept in each of twelve 50 litre tanks (Figure 6).  

Redclaw are excellent climbers and can escape from the cages and tanks if the water level is near the 

top or if equipment such as the air line tubing extends over the sides of the tanks (Masser & Rouse 

1997). Hence, for the current study each cage compartment was covered by a plastic lid and a river 

stone was also put on top to prevent escape. The lids were numbered for easy recognition and 

identification of each crayfish, making it possible to track the growth of each individual.  

 

 

 

Figure 5. Experimental cage compartment used to house juvenile redclaw for the feeding 

interval experiment. a: water inlet with valve adjusted to control water flow to each 

compartment; b: stone to prevent escape of animals; c and e: petri dishes as lid and 

base, lid has number for animal identification; d: cage allows free flow-through of 

water. 

a 

 
b 

 c 

 
d 

 

e 
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Figure 6. Experimental tank system used for the feeding interval study. A total of six cage 

compartments were kept in each 50 litre tank that was connected to a freshwater 

recirculating system. 

 

2.2.3 Experimental design and procedure 

The feeding interval treatments and ration at each feeding time were outlined in Table 7. Four feeding 

intervals of once daily (D1), every second day (D2), every third day (D3) and every fourth day (D4) 

were tested. A ration equivalent to daily average of 5 per cent body weight (BW) of the experimental 

animals was kept constant across all treatments (Table 7), which was adjusted based on the animal 

weight changes obtained at each bi-weekly sampling time. A total of 72 juvenile redclaw were used 

for this experiment. Although the initial body weight of these animals ranged from 4 to 12 grams, 

different-sized redclaw were spread evenly throughout the experimental treatments to have a same 

initial mean body weight of 7.2 grams (Table 8). The crayfish were then stocked into individual cage 

compartment rearing units with 18 replicates per treatment and replicates of each treatment were 

randomly distributed.  

Prior to the experiment, all redclaw were acclimatised to experimental conditions for a period of one 

week. After acclimatisation, they were fed in the morning between 8– 9 am on the commercial 

redclaw diet (20 per cent crude protein, 5 per cent crude fat and 6 per cent crude fibre) with a pellet 

diameter of 4.5 mm.  
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Table 7. Different feeding intervals (every day (D1), every second day (D2), every third day (D3) 

and every fourth day (D4)) for redclaw juveniles used to assess the effect of feeding 

intervals on performance response.  

Treatment              Feeding Interval            Ration (% BW) at each feeding time 

D1   everyday (24 h)       5      

D2         every second day (48 h)       10      

D3          every third
 
day (72 h)                  15      

D4        every fourth
 
day (96 h)                  20     

 

Each individual cage culture unit was connected to the same freshwater recirculating system with 

incoming water through a clear tube with an adjustable valve to control flow rate.  A water depth of 

15 cm was maintained by a standpipe within each tank and water flowed freely between cage units 

through the 1 x 1 cm openings of the cage units (Figure 5). All tanks were connected to a large sump 

of the recirculating system, with water from each tank flowing out through the standpipe to the sump 

(Figure 6); hence largely consistent water quality was maintained for each tank-and-cages unit 

throughout the course of the study.  

Since the flow rate was not sufficient to flush most solid waste out of the system, throughout the 

study, siphoning was carried out 8 hours after every feeding to remove faeces and mould and fine 

particles from disintegrated feed. Every fortnight, following sampling of the redclaw for weight for 

each treatment, on a rotating basis, tanks and cages were scrubbed thoroughly and rinsed with new 

cages put in the cleaned tanks while used cages soaked in chlorine solution to disinfect for later reuse.  

Water temperature was maintained within the range of 24–27°C throughout the study by a combined 

heater/chillier unit installed to the sump. Aeration was provided to each tank through an air stone to 

maintain dissolved oxygen (DO) level. A photoperiod of 12 hours light:12 hours dark (dark period: 

7.00 pm to 7.00 am) was maintained using a timer controlling a fluorescent light on the ceiling. DO 

and temperature were measured everyday using a dissolved oxygen meter. Levels of ammonia and pH 

were measured every week using an API aquarium pharmaceuticals freshwater aquaculture test kit.  

 

2.2.4 Data collection 

Mortality and moults were checked daily in the morning before feeding and recorded. The moult was 

identified by the presence of the shed exoskeleton. Wet body weight (in grams) of each redclaw was 

determined at the beginning of the experiment and subsequently measured bi-weekly over the 20-week 

duration of the experiment. Prior to weighing, crayfish were individually placed on tissue paper and 

towel to remove excess water and were weighed using a balance (to the nearest 0.001 g). The crayfish 

were then gently returned to their respective compartment cages after weighting. Any redclaw that 

moulted within a day of weighting were weighted after 4 days of ecdysis since this duration was 

considered sufficient to allow redclaw to enter the intermoult phase (Jones et al. 1996). Growth 

performance of the redclaw was assessed by the increase in individual wet body weight (grams) and 
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specific growth rate (SGR, per cent body weight per day). SGR was calculated using following 

equation: 

 

 

Where ln is natural log, Wt is the mean final weight (grams), Wi is the mean initial weight (grams), and 

T is the duration of the experiment (days). 

Overall feed conversion ratio (FCR) and percentage survival for each treatment were calculated at the 

end of the experiment using the following formulae: 

 

 

 

 

 

At the end of the experiment, all surviving animals were individually stored in numbered zip lock bags 

and chilled in an ice water bath for approximately 8 hours to euthanise them. Weight of all surviving 

redclaw was subsequently measured for the calculation of weight increase over the 20-week duration 

of the experiment for each treatment.    

 

2.2.5 Statistical analysis  

All data are expressed as means±standard error (SE). One-way ANOVA was performed to detect any 

significant differences among treatments with significance level set at P<0.05. All statistical analyses 

were performed using the statistical software package Statistica (version 10). 

 

2.3 Results 

2.3.1 Water quality parameters 

The water temperature measured during the current study ranged from 24 to 27°C and DO was always 

above 4 mg per litre. Total ammonia was less than 0.25 mg L
-l
 and pH remained below 8.  These water 

quality parameters were within the acceptable range for redclaw (Masser & Rouse 1997; Villarreal 

2002).  
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2.3.2 Survival, growth and FCR 

The final survival percentages of different treatments over the 20-week culture period were very 

similar, ranging from 77.8 per cent (D4 treatment) to 88.9 per cent (D1 and D2 treatments), with an 

intermediate 83.3 per cent survival recorded for the D3 treatment. Unfortunately, statistical analysis 

was not possible due to lack of replicates. 

There was a general trend that body weight increase decreased slightly with longer feeding intervals, a 

similar trend was found for the SGR as it decreased from 0.725±0.066 per cent per day for the feeding 

daily (D1) to 0.574±0.081 per cent per day when feeding was provided only once in four days (D4). 

However, no significant differences (P> 0.05) were detected in the growth performance expressed as 

both body weight increase and SGR among all feeding interval treatments (Table 8).  

FCR was overall poor and although it showed slight improvements with more frequent feeding, no 

significant different was detected among treatments (Table 8).  

Table 8. Final survival (%), initial and final body weight (gram), weight increase (gram), SGR 

(%/day) and FCR of redclaw from four feeding interval treatments over a 20-week 

culture period.  

TREATMENTS D1 D2 D3 D4 

Survival  88.9% 88.9% 83.3% 77.8% 

Initial body weight (g) 7.2±0.6 7.2±0.5 7.2±0.6 7.2±0.5 

Final body weight (g) 12.2±1.1 12.1±0.9 11.7±0.9 10.8±0.8 

Weight increase (g) 5.0±0.5 4.9±0.4 4.5±0.3 3.6±0.3 

SGR (%/day) 0.725±0.066 0.697±0.072 0.671±0.082 0.574±0.081 

FCR 13.66±1.05 13.93±1.09 14.37±1.86 14.78±1.44 

 

2.4 Discussion/implications/recommendations 

The results of the current study showed that survival of all feeding interval treatments were similar, 

while no significant differences were detected in final wet body weight, SGR and FCR, This was in 

agreement with the findings of Saez-Rayuela et al. (2001) on juveniles of white-clawed crayfish 

Austropotamobius pallipes and Gonzalez et al. (2009) on signal crayfish, Pacifastacus leniusculus.  

The SGRs from the present study were relatively low compared to results from other studies using 

compartmentalised rearing systems and similar-sized animals. For example, Rodriguez-Canto et al. 

(2002) found that redclaw juveniles (6.9 grams at stocking) reared for 150 days had an SGR of 0.96 

per cent per day. Juvenile redclaw averaged 8.8 grams at stocking and reared for 93 days exhibited an 

SGR of 0.86 per cent per day according to Barki et al. (2006). The poor growth rates in the current 

study are likely linked to the low water stability of the feed used; when unstable feed was used to feed 

juvenile marron Cherax tenuimanus for 90 days, SGR values were between 0.54 and 0.58 per cent per 

day
 
(Jussila & Evans 1998), which are even lower than the current results.  

Similarly, FCRs from the present study are poorer than those previously reported for other crayfish 

(Mazlum et al. 2011; Manomaitis 2001). Again, the poor quality of the feed used in the present study, 

particularly in terms of low water stability and inappropriate size, is likely to be the cause for the 

http://www.sciencedirect.com.elibrary.jcu.edu.au/science/article/pii/S0044848605004734#bib26
http://www.sciencedirect.com.elibrary.jcu.edu.au/science/article/pii/S0044848605004734#bib26
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outcome. For instance, it was revealed in our previous experiments that more than 23.8 per cent of dry 

matter has been lost from the current diet after 1 hour in water (see Chapter 1). Poor growth 

performance resulting from an unstable diet that lost more than 10 per cent dry matter after 1 hour 

immersion as compared to stable diet (<10% DML) have been reported for marron, a close related 

crayfish to redclaw (Jussila & Evans1998). Cuzon et al. (1994) suggested that diets formulated for 

crustaceans with a DML over 10 per cent at 1 hour of immersion should be considered inadequate.  

Additionally, it was also observed that the size of pellets used appeared to be too large (4.5 mm) and 

this resulted in longer feed fondling time, which amplified feed wastage. Shepperd et al. (2001) 

reported that by providing pellets of ideal size to spiny lobster, feed wastage can be reduced from 50 

per cent to 19 per cent. Feed wastage which resulted from disintegration, and also from redclaw 

fondling the inappropriately sized pellets for long times, are likely the two main reasons contributing 

to the poor FCR values found in the present study. Therefore, nutritionally adequate formulated feed 

that is more water stable, and of the ideal size to suit the ingestion process, should help reduce the 

necessity of frequent feeding while improving growth performance of juvenile redclaw. 

The cage compartment culture system used for the current study might also have contributed to feed 

wastage. The animals were restricted within the cage compartments, limiting their continuous 

foraging on feed particles that spread outside the cage during their fondling of feed. However, the 

individual compartment culture was necessary to prevent cannibalism, reduce aggressive social 

hierarchy and minimise breeding that could compound the results.  

In summary, it appears that within the range of feeding intervals tested, feeding frequency did not 

significantly affect survival, growth and FCR of juvenile redclaw although there is a trend of slightly 

reduced growth with the longer feeding intervals of every three and four days (Table 8). It is worth 

noting that this experiment was carried out in a laboratory and under individual compartment culture 

conditions, which are different from an actual pond culture situation. In pond culture situations, 

redclaw can utilise various natural products in the pond, hence conditions are more likely to allow 

them to cope better with longer feeding intervals. On the other hand, whether or not less frequent 

feeding might increase the incidence of cannibalism in communal pond culture conditions is 

unknown. Since redclaw is not a particularly cannibalistic species, with properly installed shelters and 

reasonable natural production existing in a pond, cannibalism might be able to be kept under control. 

Finally, unlike under laboratory culture conditions, the uneaten feed that disintegrates in the water 

under pond culture conditions is probably not a total loss as the feed would become the nutrients that 

drive natural productivity, which in turn could become feed for the redclaw. 

 



 

23 

Chapter 3: Effects of pellet size on feeding 

efficacy and feed wastage of redclaw 

3.1 Introduction     

At present, commercial redclaw feeds are only available in Australia in one size (4.5 mm in diameter). 

This means that redclaw farmers have no other option but to use such single size feeds for all 

developmental stages of redclaw. In general, the optimal situation is to increase feed size with the size 

of cultured animals and in other more-mature aquaculture sectors feeds are available in various sizes 

to suit different life stages of the animal. For example, barramundi pellets are available in eight sizes 

and similarly, feeds for marine prawns come in a range of sizes and formulations. Sheppard et al. 

(2001) reported that for lobster Jasus edwardsii, the optimal pellet size for juveniles of 14 grams was 

3×3 mm and for larger lobsters of 135 grams the size increased to 7×7 mm.  Appropriate research has 

provided the basis for optimising food presentation which in turn has supported the growth of these 

industries. A similar approach is clearly needed for the redclaw industry.  

It is well known that there is a direct relationship between fish and pellet size; pellets of too large a 

size for the mouth gap of a particular fish’s developmental stage are often not effectively utilised by 

the fish at that stage and as fish grow in size, the pellet size must also increase. Although small 

crustaceans generally can use their feeding appendages to chop pellets that are larger than their mouth 

before ingestion, such a process still could lead to substantial feed wastage and low feeding 

efficiency. On the other hand, while large crustaceans can consume small-sized feeds, more energy 

and time are required to capture an equivalent weight of smaller feeds compared to larger ones, hence 

resulting in reduced feeding efficiency and lower feed conversion ratios (D'Abramo 2002). Both 

situations translate into low productivity and financial loss for redclaw farmers. Clearly, there is a 

need for research to identify the optimal size range of pellets for different developmental stages of 

redclaw, which could then be recommended to feed companies so that pellets with a range of sizes 

suitable for different developmental stages of redclaw could be produced to benefit redclaw farmers.  

 

3.2 Methodology 

3.2.1 Preparation of feeds of various sizes  

The commercial redclaw pellets were first ground and then passed through a 710 µm sieve to break up 

any clumped particles. Based on previous experiments (see Chapter1), 4.4 per cent alginate (as the 

binder) was added to improve the water stability of the resulting pellets. The alginate was firstly 

dissolved in water and the alginate solution was then added to the ground and sieved redclaw feed, 

thoroughly mixed and kneaded to form a soft dough. Subsequently, five different-sized dies of 1.0, 

2.0, 3.0, 4.5 and 7.0 mm were attached to a small pelleter to pelletise the dough into spaghetti-like 

strands of five desired sizes (diameter: 1.0, 2.0, 3.0, 4.5 and 7.0 mm) (Figure 7). The resulting strands 

of each size were then placed on aluminium foil dishes and oven dried at 60°C until a constant weight 

was achieved. Thereafter, they were broken manually to a length of approximately 5 mm, packed in 

plastic bags and stored at 10°C to maintain quality until later use (Figure 8).  
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Figure 7. Seven different-sized dies of 1.0, 2.0, 3.0, 4.0, 4.5, 5.0 and 7.0 mm made for a 

pelleter for the production of strands with designated sizes. 

Figure 8.  Pellets of various sizes made for the experiment. 
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3.2.2 Experimental design and animals used 

Three size categories of redclaw, i.e.  5–8 grams (juveniles), 15–25 grams (sub-adult) and 35–50 

grams (adults), were tested for their feeding responses and feed wastage on pellets of three different 

sizes, (Table 9). A pellet size of 4.5 mm which is the size of commercial redclaw pellets available in 

Australia was included for testing for each redclaw size category (Table 9).  

Only healthy animals with functional feeding appendages and intact legs and chelae were used for the 

experiment. All experimental animals were individually marked by sticking numbers on their 

carapaces so that no animal is used more than once for the same test.  

 

Table 9. Pellet sizes tested on redclaw of three size categories. 

Developmental stage Body weight   Pellet sizes tested 

Juveniles 3–8 g 1, 3 and 4.5 mm 

Sub-adults 15–25 g 2, 3 and 4.5 mm 

Adults 35–50 g 3, 4.5 and 7 mm 

 

3.2.3 Experimental procedure 

Prior to experiments, redclaw were acclimatised in the laboratory setting for at least two weeks. 

Feeding responses and feed wastage of different-sized redclaw on pellets of various sizes were 

monitored in glass aquaria (51 x 27 x 25 cm) shaded on the sides with black sheets to avoid visual 

distraction. Stopwatches were attached on each aquarium to record the time of feeding responses. 

Redclaw were completely deprived of food for 48 hours prior to the experiment. At the 

commencement of each trial, each redclaw was introduced into an aquarium for the observation. The 

feeding response of a redclaw was observed as an identical weight of pellets of one tested size were 

introduced through a pipe that guided them into the bottom of the aquarium at approximately 10 cm 

from the animal. The redclaw were allowed to feed for 15 minutes with feeding behaviour observed 

and feed wastage estimated.  In particular, pellet handling time and ingestion as well as feed wastage 

was examined with the aid of a Sony digital video camera located in front of glass aquarium. A white 

fluorescent light was attached to the top side of the aquarium for clear video recording.  

Each pellet size treatment was replicated at least 18 times using different animals of the same size 

category. If the pellets were not detected by a redclaw within 10 minutes of introduction, the result 

was then excluded. 

 

3.2.4 Statistic analysis  

Data are expressed as means ± standard error (SE). One-way ANOVA was performed to detect any 

significant differences among feeding handling time among treatments, followed by Tukey’s HSD test 

to separate the means with a significance level of P<0.05. All statistical analyses were performed 

using the statistical software package Statistica (version 10). 
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3.3 Results 

As clearly shown in Table 10, feed pellet size significantly affected both feeding efficacy and degree 

of feed wastage by redclaw of various sizes. The appropriate-sized feeds significantly improve feeding 

efficacy, which is reflected in time redclaw spent on handling feeds (P<0.05), and substantially 

reduced feed wastage caused by the redclaw cutting and chopping feed that was too large. The optimal 

size of feed is directly linked with the size of the redclaw to be fed and generally increased with 

redclaw size. The feed size of 4.5 mm, which is the only size available in Australia for commercial 

redclaw feed, was shown to be not the best choice for redclaw up to the size of 35–50 g. 

Table 10. Summary of outcomes of feeding response experiment in which different-sized 

formulated pellets were fed to redclaw of three size categories. 

Redclaw 

size 

category 

Life stage Pellet size 

tested 

(diameter) 

Feed 

handing 

time (min)  

Feed 

wastage 

Pellet size recommended 

or not  

3–8 g Juvenile 1.0 mm 1.09 
a
 hardly highly recommended 

3.0 mm 2.73
b
 some not recommended 

4.5 mm 9.66 
c
 substantial not recommended 

15–25 g Sub-adult 2.0 mm 0.56 
a
 hardly highly recommended 

3.0 mm 1.84 
b
 hardly/some recommended 

4.5 mm 4.99 
c
 substantial not recommended 

35–50 g Adult 3.0 mm 0.71 
a
 hardly highly recommended 

4.5 mm 2.02 
b 
 some not recommended 

7.0 mm 3.80 
c
 substantial not recommended 

 

Specifically, for the smallest size category of redclaw tested (3–8 grams), it was shown that a pellet 

size of 1.0 mm performed the best as such sized pellets were ingested quickly and in whole by the 

redclaw, hardly leaving any small particles or dusts. Hence, is highly recommended (Table 10). A 

typical case of redclaw feeding on right size of feed is illustrated in Figure 9, showing snapshots of 

the feeding procedure from a video recording (Figure 9). When pellet size increased to 3.0 mm, the 

average handling time increased 2.5 times and there was some feed wastage from the dusts generated 

by longer feed fondling time. The feed size of 4.5 mm is definitely unsuitable for redclaw of this size 

range as the handling time shot up about 10 times as compared to the feed of 1.0 mm and there was a 

substantial amount of feed wastage due to the large quantity of feed being cut into small particles and 

dusts which were then spread overall the water column and on the floor of the aquarium (Table 10). 

While large particles were picked up and consumed by the redclaw later, dust of very small size was 

never being able to be utilised by the redclaw. A typical scenario of redclaw feeding on a pellet that 

was too large is illustrated in Figure 10. 

For redclaw with the size range of 15–25 grams, a feed size of 2.0 mm was shown to be the best 

performer and is highly recommended. On average, it only took about 0.56 minute for the redclaw to 

consume the whole 2.0 mm pellet while the time spent on handling the larger 3.0 mm feed was more 

than three times this and the feed wastage ranged from hardly any to some wastage depending on 



 

27 

individual redclaw. Again, the 4.5 mm size pellets were not suitable for this size range of redclaw as 

they took a significantly longer time to handle these pellets and feed wastage was high (Table 10).    

For bigger redclaw of 35–50 grams, it was shown that a feed size of 3.0 mm was suitable with the 

average feeding time less than 1 minutes and low feed wastage. The bigger feed size of 4.5 mm 

increased feeding time to more than two minutes by the redclaw with some feed wastage observed. At 

7.0 mm, the largest size of feed tested was clearly unsuitable as there was substantial feed wastage. 

It appeared that with the increase in their size, redclaw can handle the 4.5 mm commercially available 

feed more effectively. This is because while the increase in feed handling time was still significant for 

the bigger redclaw of 35-50 grams, the magnitude of the increase was relatively modest when 

compared to those smaller sized redclaw, that is, only three times longer when compared to the 

optimal pellet size (Table 10). 
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A. The moment just before feeding commenced 

 

B. Consuming the 1
st

 pellet 

 

C. Consuming the 2
nd

 pellet 
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D: The walking leg in touch with the 3
rd

 pellet 

 

E: Consuming the 4
th

 pellet 

 

F: Four pellets were consumed within 6 seconds 

Figure 9. Snapshots of video record sequence showing typical feeding process by 

redclaw when suitable-sized pellets were offered. Note that four pellets were 

consumed whole within seconds (as shown by recording time lapse) with hardly any 

feed wastage. A: The moment just before feeding commenced; B: Consuming the 1st 

pellet; C: Consuming the 2nd pellet; D: The walking leg in touch with the 3rd pellet; E: 

Consuming the 4th pellet; F: Four pellets were consumed within 6 seconds. 
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A: The moment just before feeding commenced  

 

B: Holding the large pellet 

 

C: Nibbling the pellet for more than 1 min; small particles spread on the flood and in water 

column 
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D: Nibbling for 2 min, more particles on the floor 

 

E: The pellet nearly totally broken up 

 

F: The pellet was totally broken up into small-sized particles and dusts 

Figure 10. Snapshots of video record sequence showing typical feeding process by 

redclaw when the pellet offered was too large. Note that the redclaw spent almost 3 

minutes breaking down the pellet (as shown by recording time lapse) with substantial 

feed wastage as evidenced by the pellet being chopped into various-sized small 

particles and dusts. A: The moment just before feeding commenced; B: Holding the 

large pellet; C: Nibbling the pellet for more than 1 min; small particles spread on the 

flood and in water column D: Nibbling for 2 min, more particles on the floor; E: The 
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pellet nearly totally broken up; F: The pellet was totally broken up into small-sized 

particles and dusts. 

 

3.4 Discussion/implications/recommendations  

The present results clearly showed that pellet size at 4.5 mm, which is the only size of commercial 

pellets offered to redclaw farmers in Australia by feed companies, is too big for redclaw up to a size 

of 50 grams due to long feed handling times and high levels of feed wastage. The poor water stability 

of current commercial redclaw feeds (see Chapter 1) is likely to worsen the situation. Considering that 

the market size of redclaw starts at 30 grams with the most common size of redclaw for market being 

50–75 grams, the currently available size of commercial redclaw pellets at 4.5 mm is obviously too 

large a feed for the major part of the redclaw production cycle. Since feeds often represent the greatest 

proportion of operational expenses in modern aquaculture (Sanhotra 1994), this undoubtedly impacts 

on the bottom line of the redclaw industry.  

The results of the present study also showed that the general relationship of optimal feed size 

increasing with animal size also applies to redclaw. Based on the present results, the optimal size of 

pellets for juvenile redcalw of 5–8 grams is 1.0 mm while for sub-adults of 15–25 grams this increases 

to between 2.0 to 3.0 mm, and for 35–50 g adults a larger pellet size of 3.0 mm is the best (Table 10). 

Hence, it is recommended that feed companies should consider producing redclaw pellets at several 

different sizes instead of the current single-size pellet, to better meet the requirements of the redclaw 

industry. Since the current 4.5 mm pellets appeared to be too big even for adult redclaw close to 

market size, the emphasis should be on producing smaller-sized pellets.     
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Chapter 4: Feeding responses of redclaw 

to soybean and cow pea vs. commercial 

formulated feed – evaluation of palatability 

and ingestability  

4.1 Introduction  

There is a lack of information on feed and feeding efficacy concerning the commercial formulated 

feeds currently available in Australia for redclaw, particularly the economics and the best practices 

associated with using such feeds for the crayfish farming industry (Brunson 1989). The uncertainty on 

the effectiveness of the commercial formulated feeds for redclaw aquaculture is further highlighted by 

their poor water stability (also see Chapter 1) and the fact such feeds are only available in a single size 

(4.5 mm) (also see Chapter 3) for all sized redclaw. Moreover, commercial pelleted feeds are 

generally expensive and involve high freight and storage costs for redclaw farmers since most redclaw 

farms are located in rural and remote areas.  

As crayfish are omnivorous and can utilise plant proteins, they are likely to be able to utilise less 

expensive, locally available agriculture products, such as soybean. In fact, McClain and Romaire 

(2008) studied the contribution of different food supplements to growth and production of red swamp 

crayfish, Procambarus clarkia, and suggested that whole, raw soybeans were potentially a cost-

effective feed supplement for crayfish in pond culture. As the morphology of mouth parts is similar 

between Cherax and Procambarus species (Jones 1990), the direct use of whole, raw soybeans as a 

redclaw diet is likely to be feasible. Nutritionally, soybean meal has also been confirmed to have the 

highest crude protein, apparent digestibility and gross energy when compared to a range of plant 

ingredients for redclaw (Pavasovic et al. 2006). In addition, redclaw are capable of breaking down 

complex polysaccharides, such as cellulose, due to the presence of endogenous cellulose activity in 

their gut (Xue et al. 1999; Figueiredo et al. 2001; Figueiredo & Anderson 2003).  

Clearly, agricultural grains and seeds such as soybeans are readily available in rural areas, which also 

means there is the advantage of saving on freight and storage costs. Raw soybean and the likes are 

also easy to use, and can be purchased at substantially lower prices than formulated feeds (e.g. 

approximately A$500 per ton for soybean versus A$700 per ton for formulated feed) (John Stevenson; 

per. communication). In spite of this, no studies have so far evaluated the suitability and palatability 

of raw soybeans and other similar material against commercially formulated feed as alternative feeds 

for redclaw. There is also no information on whether the ability to utilise whole raw soybean by 

redclaw is size related.  

The aim of this study was to evaluate the suitability, palatability and digestibility of whole raw 

soybean and cow pea as compared to commercial formulated feed through both choice and no-choice 

feeding response assays with both juvenile and sub-adult redclaw.  
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4.2 Methodology 

4.2.1 Experimental animals 

Redclaw used for this study were obtained from the Captain Redclaw Farm in Kelso, Townsville, 

North Queensland. These redclaw were divided into two size categories: juveniles (wet weight 

5.3±1.7 grams, total length 6.8±0.1 cm) and sub-adults (wet weight 41.5±5.3 gram, total length 

12.2±0.1 cm). Animals were individually marked by sticking numbers on their carapaces so that no 

animal was used more than once for the same feeding response test. 

Juveniles (60 individuals) were held communally in 500 litre tanks (Figure 10) while sub-adults (70 

individuals) were held communally in 1000 litre tanks (Figure 11). Both tanks had shelters (PVC 

tubes) and aeration and were kept in the same air-conditioned room, in which water temperature and 

photoperiod were standardised (temperature range 22–24°C, photoperiod of 8h dark:16h light). Feeds 

were distributed into these tanks every morning at 8.00 am. Faeces and uneaten food were removed 

after one hour of feeding. 

 

Figure 11. 500 L juvenile holding tanks. 

 

Figure 12. A 1000 L sub-adult holding tank. 



 

35 

4.2.2 General experimental procedure 

Both no-choice and choice feeding assays were conducted for redclaw juveniles and sub-adults. Three 

feeds were tested: commercial redclaw dry pellets (20% crude protein, 5% crude fat and 6% crude 

fibre); whole raw soybeans and whole raw cow peas (Figure 12).  

 

 

 

Figure 13. Various feeds used for redclaw feeding response assays. From top to 

bottom: commercial formulated pellets (4.5 mm), whole raw soybeans and whole raw 

cow peas. 
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Prior to experiments, redclaw were acclimatised at least two weeks. During acclimatisation before the 

no-choice feeding assay, juvenile redclaw were fed a mixture of pellets and soybeans (ratio 1:1 per 

redclaw) while sub-adult redclaw had a mixture of pellets, soybeans and cow peas (ratio 1:1:1 per 

redclaw). This is because cow peas were only used for feeding observation of sub-adults, not for 

juvenile redclaw. During acclimatisation before the choice feeding assay, as only pellets and soybeans 

were to be used, both juvenile and sub-adult redclaw were acclimatised with a combination of these 

two foods (ratio 1:1 per redclaw). 

Experiments were conducted in six glass aquaria (51 x 27 x 25 cm) with black plastic stuck to the side 

walls to block the view of redclaw into neighbouring aquaria thus limiting visual distraction (Figure 

13). Each aquarium contained only one redclaw and was gently aerated with an air stone. At the 

commencement of each trial, each redclaw was randomly assigned to an aquarium, and completely 

deprived of food for 24 hours. Similar to redclaw in holding tanks, redclaw in aquaria were also fed 

with tested feeds at 8.00 am in the morning followed by 1 hour observation time. Stopwatches were 

attached on each aquarium to record the time and observations of feeding behaviour were made using 

video-recording as well (Figure 13). Once each feeding assay concluded, animals were removed, the 

water was drained off and aquaria filled again for reuse in the following days. 

 

Figure 14. Illustration of the test aquaria used for both choice and no-choice feeding tests. A 

stopwatch was attached on the front of each aquarium to record the time.  

 

4.2.2.1 No-choice feeding assay  

For the no-choice feeding assay, each juvenile redclaw was fed with either one pellet or one soybean. 

Similarly, each sub-adult redclaw was fed with one pellet, one soybean, or one cow pea. Cow pea was 

added as an additional tested food item for sub-adult because it is cheaper than soybean. However, 

after trials on sub-adults, the results indicated that cow pea did not present as a good choice; therefore, 

it was not offered in the juvenile experiments and subsequent non-choice feeding assays. The selected 

food was placed inside the aquarium at a distance of about 10 cm from the redclaw (Figure 15). The 

responses recorded were: a) the time at which the redclaw started to grab the offered food; and b) the 

food handling time. There were 25 replicates for each food type for both size categories of redclaw. 
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Figure 15. Sub-adult redclaw with soybean for the no-choice feeding assay. 

 

4.2.2.2 Choice feeding assay  

To determine food preference, equal weights of one pellet and one soybean were simultaneously 

placed into each aquarium. Foods were placed about 10 cm from the redclaw and about 3 cm from 

each other (Figure 16). The time spent by the redclaw feeding on each food type was recorded. There 

were 50 replicates for both size categories of redclaw. 

 

Figure 16. Sub-adult redclaw with soybean and formulated feed for the choice feeding assay. 

4.2.3 Statistical analyses 

All statistical tests were carried out using the S-Plus statistics package. When the assumption of 

normality of data was not met and variances were unequal, non-parametric tests were used (Whitlock 

& Schluter 2009). 

In the no-choice feeding assay, to evaluate the time before redclaw started feeding on the food and the 

food handling time, means of these times were compared with one-way ANOVA for sub-adult and 
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two-sample t-tests for juvenile redclaw, respectively (P<0.05). Comparing the differences in time to 

started feeding or food handling time between juvenile and sub-adult redclaw on particular food types, 

two-sample t-tests were used (P<0.05). Two-way factorial ANOVA tests were used to examine the 

interaction between redclaw sizes on particular food types (P<0.05).  

Because some animals fed only on one food type while others fed on both food types during the 1 

hour duration of the choice-feeding assay, the percentage of time spent feeding on each food type was 

used to assess food preference and calculated using the formula:  

 

 

 

Wilcoxon rank-sum tests (P<0.05) were applied to compare means of percentage of time spent feeding 

on pellet and percentage of time spent feeding on soybean. 

 

4.3 Results 

4.3.1 General feeding behaviour on different feeds 

The feeding behaviours of redclaw varied slightly depending on food type and size of the crayfish. For 

juveniles, feeding behaviour involved rapid searching and probing with the first three pairs of walking 

legs. Once a food item was located, the chelae on the end of these walking legs would grasp the food 

and then rapidly move it towards the mouthparts. On the other hand, sub-adult redclaw tended not to 

use their walking legs to grasp the food. Instead, they used their walking legs (especially the big 

claws) to push the food nearer to their third maxilliped which was then used to force the food towards 

the mouthparts. In general, smaller redclaw responded more quickly to food introduction, while larger 

redclaw often took a longer period before beginning to forage. 

Redclaw of both size groups showed an active response to all food offered. The response of the larger 

redclaw to the food was much the same as the smaller animals. Upon adding the foods to the tank, a 

sequence of four events occurred, which included: increased antennular flicking, followed by food 

searching motions of the first walking legs, movement of periopods towards the mouth parts, and 

movement of the individual to the food source. While grabbing the food, the crayfish could obviously 

distinguish between non-food items (e.g. faeces) and food items (pellet, soybean and cow pea). Often 

when the walking legs grasped items that were not food, they would immediately drop them, whereas 

grasping of food items was quickly followed by a rapid movement of the walking legs to the mouth 

region. Once food was at the mouth region, crayfish of both size groups used their third maxilliped to 

ensure that the food was placed into the mouth where it was ground and ingested. Even when the 

crayfish was masticating its meal, the walking legs would continue probing and searching for the next 

food item.  

The response of redclaw of both size groups to the commercial pellet was much the same as to the 

soybean, except that it took longer for the animals to feed on soybean. It was quite easy for redclaw to 

manage pellets, their mouthparts continuously feeding on small particles from the whole pellet. 

Meanwhile, soybeans must be peeled (Figure 17) and cut into halves by the mouthparts before bean 

halves were cut into small pieces to be ingested. Most of peeled bean skin was utilised by juvenile 

redclaw, they often let the pulp of bean in one side and feed on the bean skin first (Figure 18). Most of 

the juvenile redclaw could finish the whole bean skin by continuously cutting and feeding on it. 
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However, this was not the case for sub-adult redclaw, which were rarely observed to feed on soybean 

skin. When the bean skin was not eaten by an animal, it could be seen floating on the water surface. 

Both bean halves might be held by the mouthparts of both sizes of redclaw. Alternatively, redclaw 

could hold and feed on only one half, while the other half was left on the floor of the tank and could 

be eaten later (Figure 19). On the other hand, redclaw of both size groups were not observed to finish 

the whole soybean during the 1 hour observation period. Half or relatively large particles of bean were 

observed to be left un-eaten by the redclaw. In contrast, redclaw of both sizes almost finished the 

pellet after a few minutes of feeding in most cases, although dust or smaller particles of pellet were 

left after the 1 hour observation.  

 

 

Figure 17. Juvenile redclaw peeling the skin of a soybean. 

 

 

Figure 18. Juvenile redclaw feeding on soybean skin. 
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Figure 19. Juvenile redclaw feeding on soybean pulp. 

 

In the choice feeding assay, when both pellet and soybean were available, redclaw often fed on 

formulated feed first (i.e. 74 and 82 per cent of juvenile and sub-adult, respectively, started feeding on 

the pellet first) and then on  soybean. Sometimes a redclaw would place one item in its mouth and 

simultaneously grab another food item that would be eaten later (Figure 20). Some redclaw would quit 

the second item and come back to the first item after a few seconds or minutes feeding off the second 

item. 

 

 

Figure 20. Juvenile redclaw feeding on the pellet but grabbing the soybean at the same time. 
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4.3.2 No-choice feeding assay  

4.3.2.1 Time to start feeding  

From the time food was introduced, on average, it took significantly less time for juvenile redclaw to 

start feeding on formulated feed than on soybean (t(2)44.55= –4.57, P=0) (Table 11). Juveniles started 

feeding on the pellet at around 2.89±0.65
 
minutes from the time of food introduction as compared to 

11.37±2.56 minutes for soybean. In contrast, for sub-adults, the time to start feeding on soybean was 

significantly shorter than to feed on the pellet or cow pea (F2,72=8.24; P=0.0006) (Table 11), the times 

to start feeding for each food were 4.35±1.05, 10.72±1.85, and 10.67±1.99 minutes, respectively.  

Table 11. Time to start feeding on food (minutes) by two different-sized redclaw in the no-

choice feeding experiment. Means (±SE) with different superscripts are significantly 

different (P<0.05). 

Food Sub-adult (n=25)  Juvenile (n=25)  

Pellet 10.72±1.85
a, A 

2.89±0.65
b 

Soybean 4.35±1.05
b, B 

11.37±2.56
a 

Cow pea 10.67±1.99
a 

 

 

The interaction plot showed that there were opposite trends in time to start feeding on the pellet and 

soybean between the two sizes of redclaw (F1,96=38.02; P=0) (Figure 21). With the same food, there 

were also differences in the time to start feeding between the two sizes of redclaw (Table 11). The 

time to start feeding on pellets for sub-adults was almost four times longer than juveniles (t(2)38.92= –

5.26, P=0). Conversely, the average time to start feeding on soybean for sub-adults was only a third of 

that of juvenile redclaw (t(2)46.25=3.48, P=0.0011).  
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Figure 21. Interaction plot between juvenile and sub-adult with different food types in 

time to start feeding (no-choice feeding experiment) 
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4.3.2.2 Time spent feeding  

During the 1 hour observation period, juveniles on average spent three-times longer feeding on 

soybean than on pellet (t(2)46.46= –3.45, P=0.0012) (Table 12), i.e. 12.64±2.22
 
minutes and 4.49±0.84

 

minutes, respectively. A similar pattern was observed for sub-adults, showing a longer time spent on 

beans than on pellet. Time spent feeding on cow pea and soybean in this size group were similar 

(19.94±2.87 minutes
 
and 15.93±2.89 minutes, respectively); about twice the time spent feeding on the 

pellet (7.11±1.54 minutes) (F2,72=11.49; p=0.000047) (Table 12).  

Table 12. Time (minutes) spent feeding on food by two different-sized redclaw in the no-choice 

feeding experiment. Means (±SE) with different superscript letters are significantly 

different (P<0.05). 

Food Sub-adult (n=25)  Juvenile (n=25)  

Pellet 7.11±1.54
a,A 

4.49±0.84
a,A 

Soybean 15.93±2.89
b,B 

12.64±2.22
b,B 

Cow pea 19.94±2.87
b 

 

 

The interaction plot showed that the difference in time spent feeding on the two food types was 

consistent between the two sizes of redclaw (F1,96=0.026; P=0.87) (Figure 22). Both redclaw groups 

spent less time feeding on the pellet and more time feeding on the soybean (Figure 22). With the same 

food, there were no significant differences in the time spent feeding between the two sizes of redclaw 

(Table 12). Although sub-adult redclaw spent more time than juveniles feeding either on pellet or 

soybean, no statistical significances were detected (P>0.05).  
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Figure 22. Interaction plot between juvenile and sub-adult with different food types in time 

spent feeding (no-choice feeding experiment). 
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4.3.3 Choice feeding assay  

Although juveniles spent more time feeding on soybean (8.28±1.7 minutes) than on the pellet 

(6.62±1.35 minutes), there were no significant differences in the percentage of time that juvenile 

redclaw spent feeding on either food (P>0.05) (Table 13), about 11 per cent and 13 per cent for pellet 

and soybean, respectively. However, this was not the case for the sub-adults, who showed a 

significantly longer time spent feeding on the pellet than on soybean (P<0.05) (Table 13). During the 

1 hour observation period, sub-adults spent an average of 5.68±0.76 minutes feeding on the pellet and 

2.04±0.61 minutes feeding on soybean, equivalent to approximately 9% and 3%, respectively. In 

comparing feeding times between the two redclaw sizes, no significant difference in the time or 

percentage of time spent feeding on the pellet was found (P>0.05). In contrast, juveniles spent about 

four-times longer than sub-adults feeding on soybean (P<0.05). There were also differences in the 

total time spent on feeding (i.e. including feeding time for both pellet and soybean) of the two sizes of 

redclaw during the observation period; juveniles and sub-adults spent about one-fourth and one-eighth 

of the time feeding, respectively. 

Table 13. Time and percentage (%) of time spent feeding on pellet or soybean by two different-

sized redclaw in the choice feeding experiment. Means (±SE) with different 

superscript letters are significantly different (P<0.05). 

Food Sub-adult (n=50) Juvenile (n=50) 

Time (minute) % of total Time (minute) % of total 

Pellet 5.68±0.76
 

9.44%±1.27
a,A 

6.62±1.35
 

11.03%±2.29
a,A 

Soybean 2.04±0.61
 

3.2%±1.01
b,B 

8.28±1.7
 

13.8%±2.89
a,A 

 

4.4 Discussion/implications/recommendations 

Feeding behaviour of redclaw on soybean is similar to that on formulated feed. Behaviours such as 

rapid movement to particular areas of the tank and probing with the first three pairs of walking legs 

suggest that crayfish have visual, tactile, and chemical recognition to the presence of foods in the 

tanks. If the item was not of a food origin, the crayfish quickly rejected it and resumed more active 

searching movements. Kreider and Watts (1998) suggested that soybean meal is a strong feeding 

stimulus that can lead to a response from red swamp crayfish P. clarkii occurring within seconds. In 

the present study, redclaw showed active responses to all food items offered. Although immediate 

response within seconds of food introduction was observed in some redclaw for both sizes, such 

rapidity was not common in the present study. In most of the cases, redclaw spent time walking 

around for a few minutes before starting to feed.  

In the no-choice feeding experiment, it took longer for juveniles to start feeding on whole soybean 

than formulated feed pellets while sub-adults started to feed on soybean more quickly than pellets. 

This difference is probably in part due to the fact that the smaller redclaw were less able than larger 

ones to detect raw bean. In addition, it took longer for sub-adults to start feeding on raw cow pea. This 

can be explained by the smaller size of this food type, which makes it more difficult detect. 

Alternatively, raw cow pea might be not as attractive as raw soybean in terms of its colour and taste. 

However, both size groups of redclaw spent more time feeding on raw soybean as compared to other 

tested food items in the no-choice assay. Sub-adults even spent more time feeding on raw cow pea 

than formulated feed although this bean is smaller than both formulated feed and soybean.  
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It was observed that the mouthparts, not claws, were used to cut soybean and feed on it. Therefore, the 

differences observed in feeding habits between juveniles and sub-adults in the present study probably 

indicate differences in morphology of the mouthparts of C. quadricarinatus. It was reported that in 45 

mm total length juveniles, there are some changes to the morphology of the feeding apparatus that 

enhance the animal’s feeding on fine, fibrous, and soft food materials (Loya-Javellana & Fielder 

1997). It was also found that the teeth on small adults (39–42 gram wet weight), equivalent to sub-

adult size in the present study, which appear to be more incisor-like than canine-like might be useful 

for cutting plant materials (Loya-Javellana & Fielder 1997). In addition, these authors also reported 

that the teeth on large adults are apparently a mixture of somewhat incisor-shaped and canine-like 

shaped, which might allow them to deal efficiently with plant materials and grasp food more 

effectively. The ability of crayfish to consume whole raw soybean in the present study indicates that 

soybean can be used effectively as a feed for redclaw culture at a very young age (3 gram) and 

possibly even younger.  

When offered a choice, a formulated feed pellet was preferred over soybean by sub-adult redclaw in 

the current study. This is consistent with previous findings that sub-adult redclaw tend to have more 

selective feeding behaviour (Loya-Javellana et al. 1993; Figueiredo & Anderson 2003). However, the 

present study showed that juveniles did not show a clear preference on either formulated feed or 

soybean, and they spent more time feeding on these foods in comparison to sub-adults. This result was 

not in accordance with other studies in which even smaller juveniles (45 mm total length) and adults 

were assumed to be selective in their feeding behaviour (Loya-Javellana et al. 1993; Loya- Javellana 

& Fielder 1997; Figueiredo and Anderson 2003).  

Crayfish are known as opportunistic feeders. However, unlike marine prawns, they appear not to 

spend a great deal of time feeding (Mosig 1998). The present study showed that redclaw juvenile 

spent just about one-fourth and sub-adult spent just one-eighth of their time feeding within a 1 hour 

observation time after being starved for 24 hours previously. Redclaw also have long inter-feeding 

periods. Usually, they use their mouthparts to crush and macerate food items. This present observation 

is in agreement with observations on other freshwater crayfish, such as yabbies Cherax destructor 

(Meakin et al. 2008). Because of this handling behaviour, some of the food is lost. It has been shown 

that similar inefficient food handling wasted up to 50 per cent of formulated pellets offered to juvenile 

spiny lobsters Jasus edwardsii (Sheppard et al. 2002). It is likely that formulated feed will have higher 

wastage (less water stability) than soybean due to such feeding behaviour.  

This study did not quantify the actual amount of food ingested by redclaw. It is possible that redclaw 

could have consumed more pellet than soybean although they spent more time handling soybean in the 

no-choice experiment. This is because in most cases, redclaw of both sizes almost finished the pellet 

(dust or smaller particles were left) in a few minutes of feeding and it is possible that redclaw could 

have consumed even more pellets if pellets had been continuously brought in to the aquarium. This 

situation was observed in the trial before the experiments. Furthermore, it was observed in the choice 

feeding experiment that most of the redclaw started feeding on the formulated feed first and for sub-

adults, spent significant less time on soybean. The higher percentage of time that juveniles spent 

feeding on soybean than on pellet can be explained by the difficulty of smaller redclaw in handling 

this food type in whole, raw condition and therefore, taking a longer time to feed on it. This raises the 

possibility that if whole soybeans are cut into smaller pieces by large animals in pond conditions in 

which a variety of redclaw sizes are normally cultured together, the soybean pieces might become 

more available food for smaller animals. 

Improved feeds and feeding are the keys to ensure profitable production and long-term sustainability 

of the redclaw aquaculture industry. This study has shown that C. quadricarinatus is capable of 

effectively feeding on raw soybean and cow pea, suggesting that they are suitable as a supplemental or 

replacement feed for commercial formulated pellets in redclaw aquaculture.  
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