Introduction
Mud crab (Scylla serrata) is a member of decapod crustaceans of the Portunidae family. It is one of the key species cultured in brackishwater aquaculture that  occur in the southern and south-eastern part of Bangladesh. Two of the most cultured brackishwater species are Black Tiger Shrimp (Penaeus monodon) and Mud Crab (Scylla serrata), the former recieving more acceptance in culture. The past forty years have seen increasingly rapid advances in the field of mud crab culture practice as this species can readily fit into the coastal aquaculture structure in areas where shrimp farming has been hit by WSSV. Mud crabs form the ‘candidate species for aquaculture’ owing to its winsome qualities such as faster growth, larger size, high reproductive capacity (fecundity), disease resistance, marketability, adaptability to farming systems etc.

There are thirteen marine and three fresh water species of crabs reported in the coastal waters of Bangladesh covering the districts of Khulna, Chittagong, Barishal, Satkhira, Bagerhat and Cox's Bazar (Siddique et al.,2002). The mud crabs belong to genus Scylla, the species under the genus are S. serrata (Forskal, 1775), S. olivacea (Herbst, 1796), S. tranquebarica (Fabricius, 1798), and S. paramamosain (Estampador, 1949). It is locally known as “Shila Kankra” or “Kankra”. In their most common form, shell colour varies from a deep mottled green to very dark brown. It is a fast growing species that attains larger size among portunids and is widely distributed throughout the coastal zones of the Indo-Pacific region (MacNae, 1968). Mud crabs are a common component of the fauna of mangrove forests, usually burrowing in mud or sandy-muds (Shelley, 2008). Mud Crab is one of the biggest crustaceans under the Portunidae and may attain 2 kg in weight (Piatek, 1981). They undergo 18-20 moults before attaining maximum size. In the wild, different species of Scylla take 2 years to reach the size of 300-800g, but in aquaculture this can be reduced to within one year (Christensen et al., 2004; Trino et al., 1999; Ut et al., 2007). They have a high fecundity with berried females can carry upto 6 million eggs. During spawning migrations, females travel offshore. Mud crab culture techniques are diversified. Mud crabs can be cultured through rearing, fattening and soft shell culture. Both, mud crab capture fishery and aquaculture in Bangladesh is dependent on the wild catch from the mangrove areas along the coastal line. Juvenile crabs are harvested in our country to be used as seed crab in crab farms while mature individuals are eaten or exported as food item. This is causing heavy depletion of natural stock and also creating imbalance in the mangrove and other estuarine ecosystems. This picture is similar throughout its distribution.
Unlike other culture techniques of mud crab, soft shell crab farming has been introduced in Bangladesh recently. Soft shell crabs are mud crabs, which have shed their hard exoskeleton in order to grow. Crabs grow by shedding the old exoskeleton and replacing with a new one, through a periodic process known as molting cycle (Chang and Mykles, 2011). When the crab emerges from its old shell, its whole body is soft and weak. Soon after molting, the new exoskeleton can be considered soft shell, characterized by high water content and low levels of calcification (Taylor and Kier, 2003). In this condition, the crab cannot use its chelipeds making it vulnerable. If the crab stays in saline water after 3-4 hours of molting, the shell becomes hard. Soft shell crab farming is popular in southeast asian countries where  hard shell juvenile crabs (50-130g) are caught, fed them individually until they moult and then usually marketed frozen. The internet is one of the most important marketing channels for soft-shell crab, with prices starting at US$3.5 a unit, but going up to US$8.00–10.00, depending on the size and presentation form of the product (cooled, frozen, or processed). The soft shell crab which was the culinary delight among seafood enthusiasts now has become succulent delicacy in gourmet restaurants, seafood markets and consumers throughout the USA, Europe and Asia.
Bangladesh has been exporting both hard shell and soft shell crabs. According Export Promotion Bureu, Bangladesh started exporting mud crabs in 1977-78 fiscal year which accounted for only 2000 US$. During 2006-07 fiscal year mud crabs has taken the 3rd rank among the fish and fisheries export earnings from Bangladesh (DoF, 2008). In recent years, Crab has emerged as a potential export earner thanks to its high demand in East and Southeast Asian countries and increased farming in the coastal belts of Bangladesh. Bangladesh shipped crabs worth 23.82 million US$ in 2015-16, which was 7.2 million US$ in 2010-11, according to Export Promotion Bureau. Figure 1 shows the export trend (BEPB, 2017).
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Figure 1: Export trend of Mud Crab
China, Hong Kong, Malaysia, Korea and Taiwan are ranked as the top five consumers of crab (Breinl et al., 1994). Especially female crabs are playing an important role in marketing, particularly in Asian countries such as Japan, Taiwan, Hong Kong and Singapore (Keenan, 1999; Agbayani, 2001). The crabs produced in soft shell farms are usually exported to Hong Kong, Japan, Korea, Malaysia, Taiwan and Thailand where these crabs have a huge demand. Soft shell crabs are exported frozen from Bangladesh while hard shell are exported mostly live. Currently, soft-shell crabs have high demand in the world market. Companies with access to raw material do not find difficulties in marketing the product (Ferdoushi et al., 2010).
According to FAO (2016) data, the world fishery crabs’ production (not only soft-shell crab but crab in general) is primarily comprised of Scylla serrata (Forsskål, 1775), Scylla olivacea (Herbst, 1796), Portunus pelagicus (Linnaeus, 1758), and Callinectes sapidus (Rathbun, 1896). Production has increased from 343 thousand t, in 1990, to more than 951,000 t, in 2015. China accounts for 71.9% of the world annual production (684,400 t), followed by Indonesia (77,700 t), USA (72,400 t), and Philippines (27,200 t).

Considerable efforts have been made over the last few decades to develop effective technology for mud crab aquaculture (Brick, 1974; Angell, 1992; Heasman and Fielder, 1983; Keenan and Blackshaw, 1999; Anon., 2001; Anon., 2005; Wang et al., 2005). All the efforts on significant growth of mud crab aquaculture is dependent on two conditions; one is hatchery sourced seed-stock and the other is the development of formulated diets to reduce mud crab farming’s current dependence on trash-fish (Shelley, 2008). Mud crab aquaculture in Bangladesh is still controlled by the wild caught “seed” crabs. This is making the natural stock get depleted. 
Crabs have a varied diet naturally and seem to grow well on a wide variety of feeds but farmers in Bangladesh mostly use trash fish for feeding. There are concerns that industry growth may ultimately be constrained by the dependence on low value trash Fish (Lindebo and Staples, 2005). Like any other aquaculture production system feed forms a very important input in mud crab farming. But in practice the relevance of feed is yet to be realized by the crab farmers. At present, the concern is only for the cheapest feedstuff and investment on feed is around 10-15% of the total expenditure in the case of soft shell farming. This clearly indicates that the quality of feed is compromised for price and also for the ease of procurement.
Lijauco et al., (1980) observed that mud crabs could not be reared on a diet composed solely of fish since this diet resulted in slow growth rate and poor condition. Nutrition research conducted by Djunaidah et al., (2003) reported that a formulated diet performed the same as fresh fish in terms of reproductive performance of crabs sized 200g- 300g. According to Alava et al., (2007) using both a formulated diet containing 58% protein and 18% lipid in combination with natural feed gave the shortest number of days from spawning to hatching and better survival of broodstock. Thus, there is a limited amount of nutritional information for grow out diets for sub-adult and adult mud crabs (Holme et al., 2009)
Despite the dependance on natural stock and natural feed, soft shell crab farming involves fewer risk factors. This makes the culture practice more suitable for the coastal areas of Bangladesh.
1.1 Aim of the Study:
1. To develop a viable formulated feed for ensuring sustainable soft shell culture practice in Bangladesh, 

1.2 Objectives of the Study: 

1. To evaluate effects of different types of feed on molting behavior and growth performance 

2. To determine the impact of feeding frequency on soft shell crab production 

3. To analyze and compare the proximate composition of experimental crabs under different types of feed
Review of Literature
2.1 Molting and Soft Shell Crab
Molting is a process that continues throughout the life-cycle of crab. It is the physiological process for gaining weight and physical growth in crustaceans. Owing to its cannibalistic nature, crab molts rapidly during the early stages of their life. As the crab gets bigger, molting frequency reduces.
Quinitio and Parado-Estepa (2008) identified molting or ecdysis as the process in which crabs shed or molt their old exoskeleton in order to grow larger. Newly molted crabs are empty of edible meat within their leathery and soft exoskeleton. The crabs take time to grow into their newly expanded shell.
Perry et al., (1982) documented the physiology of molting crabs. According to the study, molting cycle of crabs can be divided into four stages: intermolt, pre-molt, molt, and post-molt. In the pre-molt stage, crab prepares for the molting by secreting hormone. Activity is reduced during pre-molt. Significant signs start to appear in this stage. During molting, crab starts to absorb seawater in order to expand its body. When the old exoskeleton can’t stand the pressure, it opens up and the crab extracts itself from its old shell by pushing and compressing all of its appendages repeatedly. Once it backs out of the old shell, or molts, the animal begins to harden its new carapace or shell using calcium from the water. The molting process is the most difficult and stressful time in the life of the crab and at that time it is most vul​nerable to cannibalization from other crabs. Even small mechanical, chemical or physiological problems during this time will result in near-certain death for a crab.  The newly molted crab reduces feeding and pumps water into its tissues in order to inflate the shell to its new size. After hardening of the shell, the crab enters the intermolt stage and prepares for next molting. Soft shell crab farming system involves the catching of large size (50-100g) juveniles which are in their pre-molt stage and introducing them to the farming system. Intermolt individuals are also caught for soft shell culture.
Oesterling (1988) points out hyaline line as the determining factor for identifying pre-molt crabs.  In the study, he concluded that molting generally occurs in less than 13 days after a visible hyaline line is prevalent. A hyaline line is only visible against light in the region where the old exoskeleton detaching from the new exoskeleton.

2.2: Feeding Habit of Crab
Mud crab diet in the wild consists mainly of marine detritus, plant matter collected from mangrove beds, molluscs, crustaceans and fish. In the farm, crabs are mainly fed with trash  fish. They are also fed with squid, Loligo sp., snail meat, offal of chicken and cattle  and Perna sp. in the farm. Mud crabs are capable of hunting live fish and shrimps, seizing them with their chelipeds.
Arriola (1949) observed Scylla serrata as a cannibalistic omnivore, which also acts as a scavanger from time to time. In that study, mud crabs were observed as feeding off benthic detritus, molluscs and other crustaceans.
Hill (1976) studied the food constituents of all stages of the crab and described the species as predators of sessile and slow moving benthic invertebrates. 

Hill (1979) conducted a subsequent study where  he found that major prey groups of crabs were attached and burrowing bivalves, small crabs and they also locate their food by chemoreception. In the study, he described  Scylla species as predators, at least as adults.
Catacutan et al. (2003) conducted a feed digestibility study using chromic oxide (Cr2O3) as an inert indicator and found that the mud crab (Scylla serrata) can make use of a wide variety of feed materials of plant and animal origin with better digestibility.
Pavasovic et al. (2004) provided an in depth analysis of the morphology of oral appendages, histology of alimentary tract, digestive enzyme profile and digestive physiology, as well as the feeding experiments with formulated diet. In the study, Pavasovic et al. (2004) claimed that both plant and animal originated feeds are highly digestible by mud crabs. 
Mamun et al. (2008) conducted a study on the foregut analysis and found out that the mud crabs (S. serrata) off Bangladesh waters consume crustaceans as its major food component (44.48%).

Together, these studies outline that mud crabs are omnivorous in nature. There is little difference in the preference of food throughout their life stages. Feeding rates are temperature dependent, lower feeding rates can be expected in the cooler months and may in part explain longer intermolt periods observed during winter months in the more temperate extent of mud crab distribution, where nutrient reserves may become limiting.
2.3: Dietary Requirements of Crab
There is limited information on the nutritional requirements of mud crabs. Several studies have been conducted to describe the nutrient requirements of broodstock mangrove crabs, only preliminary studies have been conducted to define the nutritional requirements for grow out diets.  
Chen et al. (1992) investigated the differential impact of protein levels and found no significant difference in growth responses of mud crabs fed on formulated diets containing 35% and 40% crude protein.
Sheen and Wu (1999) reported that, S. serrata demonstrate better utilization of lipids than shrimp following a study in which they measured the growth response of juvenile crabs that had been fed diets with a range of inclusion levels (2 to 13.8% lipid) of a mixture of cod liver oil and corn oil. The result showed that using dietary lipid levels ranging from 5.3% to 13.8% appeared to meet the lipid requirement of juvenile crabs. The study showed that, knowledge of the nutritional requirements of S. serrata is necessary for the development of cost-effective diets that can be formulated with some flexibility using ingredients that can be locally available and affordable.
Catacutan (2002) demonstrated that the dietary requirement of mud crabs Scylla is not strict because they could have a good growth over a wide range of protein and lipid levels. The results of the study showed that a dietary protein level ranging from 32% to 40% with a 6-12% lipid level promoted the best growth performance.
Djunaidah et al. (2003) reported that a formulated diet performed the same as fresh fish in terms of reproductive performance of crabs sized 200g- 300g.
Anderson et al. (2004) tested diets in a study and showed the range of the nutritional requirements for mud crabs which are, 32-54% protein, 4.8-10.8% fat, 2.1-4.3% fiber and 0.6-22% ash. 
Paterson et al. (2007) reported that mud crabs and Portunus spp. can be grown on high quality fish-meal based penaeid shrimp diets for experimental purposes though these are too expensive for commercial adoption.
Alava et al. (2007) found that, using both a formulated diet containing 58% protein and 18% lipid in combination with natural feed gave the shortest number of days from spawning to hatching and better survival of broodstock.
Unnikrishnan and Paulraj (2009) demonstrated that, juvenile mud crabs of S. serrata, showed their best growth performance with dietary protein level of 45% (experiment tested a range of 14.7-55% crude protein with 5 % intervals) and required dietary protein of 14.7% to 16.2% for the bare minimum to maintain metabolism in their 63-day trial.
Table 1: Reported Artificial Diets from Different Countries
	Reported by
	Country
	Species
	Types of Artificial Feed
	Feeding Ratio
(% of Body Weight)

	Millamena and Quinitio (2000)
	Phillipines
	Scylla serrata
	Modified from prawn broodstock diet
(Majority: fish meal, shrimp meal, squid meal and wheat)
	2-3

	Djunaidah et al.,(2003)
	Indonesia
	Scylla paramamosain
	Majority: squid meal, minced mussel meat and calf liver
	3-5

	Alava et al., (2007)
	Phillipines
	Scylla serrata
	Based on different percentages of lipid-squid oil and soyabean lecithin (Majority: fish meal, squid meal and bread flour)
	1-2

	Ali et al., (2011)
	India
	Scylla serrata
	Majority: fish meal, soya cake, wheat flour and squilla
	10


Crabs are usually fed trash fish in commercial farms but the costs of trash fish continue to increase and in time its use may no longer be profitable, as the availability of trash fish is seasonal.  Development of formulated diets is utterly required for sustainable growth of coastal aquaculture.

2.4: Feeding Frequency in Mud Crab Culture
Commercial soft shell farms has potential for profit but can be labor intensive. To decrease the labor cost and feed cost, farmers have reduced feeding to once every two or three day interval. Farm owners also indicate that problems like; water quality deterioration, bacteria and fungal contamination arise when feed is given daily.
Table 2: Feeding Strategy in Mud Crab Culture of Different Countries
	Reported by
	Country
	Feeding Strategy
	Feeds Used

	Rattanachote and Dangwatanakul (1992)
	Thailand
	Daily 2 times. 7-10% of biomass.
	Trash fish and horse mussel



	Dat (1999)
	Vietnam
	Grow-out: 4-6 % of biomass, once daily in the evening hours. Fattening: 5-8 %, once daily shrimp or fish heads etc.

Soft-shell crab production: 2-4 % of biomass,split rationing at twilight hours.
	Raw and fresh, crushed fish, small crabs, oysters , molluscs,


	Marichamy and  

Rajapakiam (2001)
	India
	10-15 % of the biomass daily for the
	Fresh bivalve meat

	K.J.Chandra et al. (2012)
	Bangladesh
	5-10% of the body weight, once in a day during evening hours
	Trash fishes, snail meat, offal of chicken and cattle.


Materials and Methods
3.1 Site and Duration of Research
The research was conducted at the Institute of Coastal Bio-Diversity, Marine Fisheries & Wildlife Conservation of Chittagong Veterinary and Animal Sciences University, situated in Doriyanagar, Cox’s Bazar. The research presided over a time span of 4 months. 
3.2 Overview of the Laboratory System
The culture system in the laboratory followed a indoor recirculating aquaculture system. There were 80 buckets held within an iron frame. For this research, 54 buckets were used; each bucket holding a crab individually.There were overhead tank, seawater storage tank and filtration tank. 
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Figure 2: Layout of the laboratory
Water was changed every week. Seawater was collected from the nearby beach and stored in seawater storage tank. Water was transferred from the storage tank to the filtration tank through the filter. Filtrated water was then passed onto the overhead tank by a submersible pump, which was placed within the filtration tank. Overhead tank supplied filtrated seawater into the buckets holding the crabs through inlets. Water circulated within the bucket and took wastes and faeces through the outlet into the filtration tank. The submersible pump started whenever the filtration tank got filled up. Usually the whole recirculation process took about 30 minutes. Each week the filter was cleaned as well as the tanks. In this system, the major source of uncertainity was the presence of electricity for running the recirculation system.
3.3 Sample Collection
Crabs were collected from the dealers. Local dealers of the Cox’s Bazar usually collect their seeds through trapping in mangrove areas or coastal rivers. Most of the dealers in Cox’s Bazar operate in the mangrove region associated with Maheshkhali channel.
3.4 Conditioning
Conditioning was done to adjust crab individuals with the new confined experimental environment. Crabs were cleaned with chlorine water and then sea water to remove mud and algal particle.
3.5 Research Design

The research was conducted in laboratory condition. The research had a 3×3 factorial design. The first three factors or treatments for the research was divided as T1 (Fed with formulated feed), T2 (Fed with commercial shrimp feed), T3 (Fed with trash fish or control) respectively. The second three factors included feeding frequencies such as, daily, one day interval and two day interval feeding. In case of feeding frequencies; 3g feed was given for daily, 6g feed was for one day interval and 9g feed was given for two day interval. Each factors had 18 replications.
3.6 Feed Formulation and Preparation

Feed was formulated through Pearson’s square method. All Ingredients used for feed preparation were  local and easily available. Different ingredients were chosen to formulate a feed to maintain an optimum protein level at 40%. List of ingredients and their relative percentage are given in the following table: 
Table 3: Feed ingredients and their composition
	Sl. No
	Ingredients
	Protein percent
	Diet Formulation
	Protein combination in diet

	1
	Fish meal
	60%
	50%
	30%

	2
	Soyabean meal
	38%
	20%
	7.6%

	3
	Wheat flour
	14%
	10%
	1.4%

	4
	Corn starch
	10%
	8%
	0.8%

	5
	Palm oil
	
	5%
	

	6
	Fish oil
	
	2%
	

	7
	Vitamin-mineral premix
	
	2%
	

	8
	Binder(CMC)
	
	3%
	

	9
	Vitamin C
	
	0.25%
	

	10
	Di calcium phosphate
	
	2%
	

	Total
	
	100%
	40%


3.7 Culture and Feeding

Crabs were cultured for a period of about 4 months. Weight and Carapace length was recorded weekly. Trash fish were collected locally and there were variability in the species of trash fish given.
3.8 Data Collection and Laboratory Analysis

Carapace length, survival, body weight and average weight gain after each molting was recorded. Newly molted crabs swells their body by increasing water content. Therefore, crab body weight after 30 days of molting was recorded as the weight after molting.  Molting duration was recorded for individual crab. If any crab molted within seven days of stocking, for any treatment group, they were not included in the data as it is doubtful that there could be any nutritional or diet affect that quickly. At the end of the research, crabs from each treatment were collected to analyze and compare the nutritional composition in the laboratory.
3.9 Proximate Composition Analysis

Moisture, protein, fat, fiber and ash contents of Mud crab (Scylla serrata) samples were measured in triplicate according to AOAC methods. The moisture was measured by oven drying at 105°C to constant weight (AOAC, 2016). The crude protein content was measured by the Kjeldahl procedure (6.25×N). Total lipid was extracted by the AOAC (2016) method using the Automatic Soxhlet system. Ash was measured gravimetrically in a furnace by heating at 5500C to constant weight (AOAC, 2016).

3.9.1 Moisture/Water Determination
At first weight of empty crucibles were dried for 1hr at 100°C and 5gm of sample was placed on it. Then the crucible was placed in an air oven (thermostatically controlled) and dried at temperature of 100 to 105°C for 24 hrs. After drying, the crucible was removed from the oven and cooled in desiccator. It was then weighed with cover glass. The crucible was again placed in the oven, dried for 30 minutes, took out of the dryer, cooled in desiccator and weighed. Drying, cooling and weighing were repeated until the two consecutive weights were same. 

From these weights, the percentage of moisture in crab samples was calculated as follows:

% Moisture = [image: image4.png]


× 100

Where,
W2= Final Weight 
W1= Initial Weight 
3.9.2 Protein Estimation
Reagents used: Concentrated H2SO4, Digestion mixture (Potassium sulphate 100gm + Copper sulphate 10gm + Selenium dioxide 2.5gm), Boric acid solution, Alkali solution, Mixed indicator solution, Standard HCl (0.1N)

For estimation of protein, the steps were followed:

Digestion: 2g sample, 3g digestion mixture and 25 ml H2SO4 was taken in a kjeldahl digestion flask. It was heated for 4 hours in a kjeldahl digestion and distillation apparatus. The digestion was completed when the colour of the substance was pale yellow.

Distillation: After digestion 100ml water, 100ml 40% NaOH and glass blitz were added to kjeldahl flask which containing about 10ml 2% boric acid and 2-3 drops mixed indicator. About 100ml distillate was collected just before the distillation was stopped. The receiving flask was moved so that the tip of the distilling tube was out the distillate. Some distillate was collected in this way to make sure the condenser tube was free from traces of ammonia.

Titration: The ammonia collected was titrated with 0.1N HCl solution and titer value was recorded. The calculation of the percent of protein in the sample using protein factor 6.25.

% Nitrogen = [image: image6.png](Ts = Tb )x Normality of acidx meg. of N2
Weight of sample (zm)



  × 100

Where,

Ts= Titer value of sample (ml)

Tb= Titer value of Blank (ml)

Meq. Of N2= 0.014

% Protein = % Nitrogen × 6.25

3.9.3 Fat Extraction:
Course of the Hot extraction:
Weighing the (dry) sample into an extraction thimble:
weighed 2g of sample into the thimble. 
Weighing the empty extraction beaker:
Extraction beaker was dried in hot air oven for 30 minutes at 105°c and cooled in the desiccator. After cooling empty extraction beaker weighed in an analytical balance.
Filling the solvent:
Solvent(Ether) was filled into the beaker(60 ml). 
Decoction:
The thimble was stuck under magnetic holder by the magnetic ring and lifted it up. 
Ether filled beaker was screwed under the condenser and the reflux stopcock was opened. The temperature was then set to 150-160°c.
The apparatus was lowered into the heaters and thimbles were lowered into the beakers. The apparatus was switched on and waited for 20 minutes of decoction time.
Rinsing:
Thimbles were lifted up so that the samples will be rinsed by the condensate dripping down from the condensers. This step has to be done for 20-40 minutes depending on sample.
Evaporating:
Reflex stopcocks were closed. After about 10-15 minutes most of the solvents evaporate.
Drying:
The extraction beakers are taken off then dried at 105°c for 30 minutes. Then the beakers are taken into the desiccator for cooling.
Weighing the residue:
The dried and cooled extraction beakers were weighed eith 0.1 mg accuracy.
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× 100

Where,
W2= Final Weight of Extraction beaker
W1= Initial Weight of Extraction beaker
3.9.4 Ash Determination
The oven dried sample was taken in a muffle furnace at 600°C for 4 hours after charging over an electric heater. The difference between oven dried matter and final weight represented the ash, which was expressed in percentage. It was calculated using the following formula:

% Ash content = [image: image10.png]


× 100

Where,
W2= Final Weight 
W1= Initial Weight 
3.10. Statistical Analysis

The obtained data were stored in Microsoft Excel 2007. Data from experiment were analyzed using analysis of variance (ANOVA) to determine significant differences among the treatments, followed by Duncan’s multiple comparison test to compare difference among treatment means by using SPSS Software (version 23). The significance level was set at the level of P<0.05 (unless otherwise stated).

Results
4.1 Water Quality Parameters
Water quality parameters varied during the experiment. The study was conducted from February, 2017 to June, 2017. In this period, there were three seasons. During the monsoon, salinity was maintained at the lower level of the range because of the salinity change in the coastal area. pH of the water  was kept near 7. There were no abrupt changes in temperature. Each of the parameters stated below were closely monitored for reducing the chance of any abrupt changes. These parameters were checked two times daily, once in the morning and once in the evening. The values recorded during the duration of experiment were;
Table 4:  Water Quality Parameters during Experiment
	Parameters
	Range

	Temperature
	25-29°C

	Salinity
	12-16 ppt

	pH
	6.8-7.3


4.2 Effect of Feeds on Growth Performance
4.2.1 Average Weight Gain:
Trash fish provided the best weight gain (47.2±8.334 gm) in crabs followed by formulated feed (37.91±3.9 gm) and the lowest weight gain was noted in crabs fed the Commercial shrimp feed(17.5±3.18 gm). 

In the case of weight gain, no significant (P>0.05) difference was observed between trash fish and formulated feed, between formulated feed and commercial shrimp feed whereas wet weight gain significantly (P<0.05) varied between trash fish and commercial shrimp feed (Fig. 3)
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Figure 3: Average weight gain of Scylla serrata juvenile crabs after 120 days culture. The columns without the same letter on the top indicate there are significant differences between them (P <0.05).
4.2.2 Carapace Width Gain:
The crabs reared on trash fish had wider carapaces (16.1±2.25 mm) and there were significant (P<0.5) differences among trash fish and commercial shrimp feed (6.67±1.36 mm) (Fig. 4.2). The effect of trash fish on carapace width gain was followed by formulated feed (13.6±1.61 mm, P>0.5). The effect of formulated feed was significantly different (P<0.5)  from commercial shrimp feed.
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Figure 4: Average carapace width gain of Scylla serrata juvenile crabs after 120 days culture period. The columns without the same letter on the top indicate there are significant differences between them (P <0.05).

4.2.3  Specific growth rate:
Higher SGR (0.71± 0.18 gram per day) was recorded in crabs fed the formulated feed followed by trash fish (0.65± 0.08 gram per day). Both were significantly different from commercial shrimp feed (0.34±0.06 gram per day) (Fig. 5).
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Figure 5: Specific growth rate of Scylla serrata juvenile crabs after 120 days culture period. The columns without the same letter on the top indicate there are significant differences between them (P <0.05).

4.2.4 Molting Performance:
Crabs fed with trash fish performed better than the fomulated feed and commercial shrimp feed, although there were no significant differences between the treatments (P>0.05) (Table 4).
Table 4: Molting Performance of 3 Different Feed Treatment
	Treatment
	No Molting
(Percentage,%)
	M1(One Molt)
	M2(Two Molt)

	
	
	Number of Crabs
(Percentage,%)
	Average Days Taken
(Range)
	Number of Crabs
(Percentage,%)
	Average Days Taken
(Range)

	
	
	
	
	
	

	Commercial Shrimp FeedA
	27.78
	72.22
	37.8

(8-93)


	5.55
	94



	Formulated FeedA
	11.11
	83.33
	34.2

(6-97)


	33.33
	67.25
(61-76)

	Trash FishA
	22.22
	77.78
	26.5

(20-42)


	44.44
	51.75
(33-74)


A No significant differences among treatments(P>0.05)
4.2.5 Body Composition of Crabs

Body composition of mud crab at different feed rations is presented in the following table:
	Treatments

	Formulated Feed
	Commercial Feed
	Trash Fish

	Parameters
	
	
	

	Protein (Dry Wt.)

	41.62±2.31a
	35.02±3.58b
	41.40±1.40a

	Lipid (Dry Wt.)
	2.94±1.78a
	2.46±1.53 b
	2.98±0.67 a

	Ash (Dry Wt.)
	3.61±2.25 a
	2.77±2.46 b
	3.74±1.89 a

	Moisture
	63.35±8.97 b
	64.43 ± 5.49 a
	65.75 ± 9.32 a


ASame letter on the top indicate there are no significant differences between them (P <0.05).

Data values shows that, crabs feed with formulated feed performs better than any other feed. This is might due to preparation of balanced feed for crab in culture system. 

4.3 Effect of Feeding Frequency on Growth Performance
Crabs fed at 2 days interval provided best weight gain and wider carapace followed by daily fed treatment (Table 4.3). Treatment of 1 day interval feeding provided higher Specific growth rate. 
Table 6: Growth Performance of 3 Different Feeding Frequency Treatment
	Treatment
Growth
parameters
	Daily
	1 Day Interval
	2 Day Interval

	Average Weight Gain(gram)
	31.8± 6.65
	27.23±  6.45
	36.59±  5.68

	Percent Weight Gain(%)
	62.9±  13.8
	52.67±  12.8
	67.88±  10.12

	Carapace Width Gain(mm)
	11.6±  1.9
	10.83±  0.224
	13.89±  0.19

	Specific Growth Rate(%)
	0.53±  .07
	0.67±  0.19
	0.50±  0.07


A Mean±SEM ; B No significance between means(P>0.05)
4.3.1 Effect of Feeding Frequency on Molting Performance
Crabs fed at 2 days interval performed better than the daily and 1 day interval fed crabs, although there were no significant differences between the treatments (P>0.05)(Table 7).
Table 7: Molting Performance of 3 Different Feeding Frequency Treatment
	Treatment
	No Molting
 (Percentage, %)
	M1(One Molt)
	M2(Two Molt)

	
	
	Number of Crabs
(Percentage, %)
	Average Days Taken
(Range)
	Number of Crabs
(Percentage, %)
	Average Days Taken
(Range)

	
	
	
	
	
	

	DailyA

	16.67
	83.33
	 36.3

   (8-97)


	26.67
	51

(33-74)



	1 Day IntervalA
	33.33
	66.67
	26.9

(6-56)


	26.67
	64

(58-76)



	2 Day IntervalA
	16.67
	83.33
	33.8

(14-76)


	30
	63.4

(39-94)




A No significance between means(P>0.05)
4.4 Survival of Crabs
Crabs fed with trash fish had a higher survival rate (44.44%) than commercial shrimp feed (16.67%) and formulated feed (38.89%). There were no significant differences among means.
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Fig: Survival(%) of crabs fed with different feeds 
Crabs fed at 2 day interval had the survival rate (61.11%) than crabs fed daily (27.78%) and at 1 day interval (11.11%).
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Fig: Survival (%) of crabs fed at different feeding frequency
Discussion
5.1 Water Quality Parameters
In this experiment, water quality parameters were surely important. As a matter of fact, water quality is paramount for the maintenance of the closed system of soft shell crab production. The experiment was conducted in a remote area of Cox’s Bazar. There wasn’t any facility for the determination of different water quality parameters other than pH, salinity and temperature.
The salinity was kept between 12-16 ppt. It was optimum for brackish water. The salinity of a closed system should be kept near the salinity of the water from which the crabs were harvested (Oesterling, 2002). The mud crab are usually caught by traps from the river mouth, where salinity ranges between 12-18 ppt. However, Catacutan (2002) used 32ppt salinity in rearing hatchery produced crab in a closed system experiment.
The lack of facility for the determination of nitrite and ammonia levels of culture water within the institution was a major drawback of the experiment. Ammonia toxicity is usually directly related to the pH of the water. Water used in the experiment had a pH range below 8 (6.8-7.3) to prevent the ammonia toxicity.
Dissolved oxygen levels were not a problem as continous aeration was provided whenever the electricity was available.
5.2 Effect of Feed on Growth Performance
Generally, In the farming conditions soft shell mud crab were fed with traditional fresh feeds such as; squids, trash fish, eels or Oreochromis Sp. based on the availability and seasons. The study by Millamena and Quinitio(2000) found that lack of essential dietary fatty acids in natural feeds compared to the formulated diets.
In this study, the experimental diet was formulated based on previous nutritional studies on juvenile and brood stock mangrove crabs. As expected, the formulated diet performed in close proximity to trash fish, possibly due to a healthy balance between both animal and plant-based feed ingredients in the formulation, while commercial shrimp feed performed poorly. This finding is in agreement with Tuan et al., (2006) which confirmed that plant-derived ingredients could be used in formulation of diets for soft-shell crab farming. 

The increasing costs of trash fishes and the difficulties of storing and feeding these fish to farmed crabs leads us to believe that compounded diets will be the preferred method of feeding crabs in the near future. There is limited research work on diets for soft-shell mangrove crabs and the result of mangrove crabs’ acceptance of formulated feeds using either simple laboratory process or commercial extrusion can be considered a significant contribution to industry. 
The current study found that, Trash fish provided the best weight gain 47.2g in crabs followed by formulated feed 37.91 g and the lowest weight gain was noted in crabs fed the Commercial shrimp feed 17.5 g. The findings of the current study is consistent to a study in India’s Ali et al., (2011) which found a similar result that the crabs on an experimental formulated diet (mean initial weight 151.7 g) demonstrated acceptability of the compounded feed and achieved a weight gain of 36.7% in their 30-day trial with a diet containing 41.6% of crude protein. 
Growth of swimming crabs is usually expressed in carapace width or length increment (Pinheiro and Fransozo, 1993; Takeuchi et al., 1999). The results of the present study show that carapace width gain of crabs fed with trash fish (16.1 mm) and formulated feed (13.6 mm) were significantly indifferent (P>0.5) but commercial shrimp feed performed poorly. This result is consistent with the findings of Catacutan (2002), which showed similar (12.5 mm) carapace width gain  for formulated feed trials. 
Another important finding in this experiment was the specific growth rate. Higher SGR (0.70 %/Day-1) was recorded for formulated feed followed by trash fish and commercial shrimp feed.  Lower specific growth rate for trash fish maybe explained by the fact that shorter molting period would cause a lower growth rate in juvenile crabs (Jiang et al., 2005). Specific growth rates were lower than those observed by Trino and Rodriguez (2002) though their culture period was 160 days compared to the present study of 120 days. The current growth rates were higher than those recorded by Mwaluma (2002), whose lower growth rates could be associated with the different culture technique. 
The current study found that molting period were reduced in case of crabs fed with trash fish followed by formulated feed commercial shrimp feed. Jiang et al. (2005) reported that even crabs with the same size may have different molting periods. This data therefore needs to be interpreted with caution.
One unanticipated finding was the survival rate. In this experiment, the overall survival of crabs fed with trash fish, formulated feed and commercial shrimp feed is lower (<50%). In the farming condition, mortality lower than 30% is considered profitable. In crustacean studies, survival of more than 80% is considered good (Cuzon and Guillaume, 1997). Catacutan (2002) reported 86% survival rate of crabs kept in individual tanks fed on formulated feeds. A possible explanation for this might be that the author used hatchery reared crab. Another possible explanation might be that, protein source of marine origin was used in the feed used by Catacutan (2002). It is believed that formulated diets containing protein sources of marine origin give away better performance. 
The research also observed that mangrove crabs eat trash fish straight away when offered compared to 3-7 days to train crabs to eat compound feed. The present results reinforce conclusions of research conducted by Keenan (2004) that using trash fish achieved better weight gain than a formulated diet for grow-out crab culture. Another disadvantage of formulated feeds is the size of the pellets because, crabs are slow eaters, and like to hold their prey with their powerful claws. Two of the experimental diets had small pellet size of 4 mm and easily broke apart from handling which might be one of the reasons that crabs had less weight gain compared to trash fish.
5.3 Effect of Feeding Frequency
Soft shell crab farms feed the boxed crabs on every 2-3 days interval. Feeding in farming conditions depend largely on several factors such as availability, seasonality, cost effectiveness etc. Since feed is one of the major inputs in production, feeding frequency can determine farms profitability in the longer run.
Feeding rates are often referred as a percentage of the body weight of mud crabs in any sort of culture technique. As the quality and nutritive value of trash fish, other natural feeds and artificial feed varies significantly, these figures are difficult to generalize on.  Feeding frequency is typically once or twice a day, with feeding recommended every day to minimize the risk of cannibalism in pond culture, which is considered more likely if the crabs are hungry. Individual holding boxes or tanks are the significant difference between soft shell culture technique and other culture technique. As mud crabs often seem most active late in the afternoon and early evening, feed is commonly provided at that time.

In the experiment, feeding at two days interval performed better than the other treatments but there were no significant differences between means.
The current study found the average weight gain (%) for daily, one day interval and two day interval feeding were (62.9±13.85), (52.67±12.79) and (67.88±10.12) respectively. Ali et al. (2011) reported average weight gain of 36.7%  in 30 days trial of mud crab fattening by daily two-time feeding at 10% of body weight ratio. A possible explanation for this result is the difference in culture period applied. 
In the present study, carapace width gain was higher in crabs fed at two days interval(13.89±  0.19) followed by daily fed crabs (11.6±  1.9) and crabs fed at one day interval(10.83±  0.224). These results are consistent with the result of Catacutan (2002).
The results of the current study show that the SGR (%) for daily, one day interval and two day interval feeding were (0.53± .07), (0.67± 0.19) and (0.50± 0.07) respectively. However, the results were comparatively lower than earlier findings by Trino et al. (2001), who found SGR of 1.8-1.9% in average. A possible explanation to this result may be the application of different culture technique and period.
Another important result of the present study was survival rates, crabs fed at 1 day interval had lowest survival rate (11.11%) than crabs fed daily (27.78%) and at 2 day interval (61.11%). This result differs from the result that was found by Ali et al. (2011)  who reported 5.6-33.4% mortality. However, these results also differ from the earlier findings of Trino et al. (2001) who reported 51-54% mortality rate. Survival rate can attributed to farming or experimental condition.
Conclusion
Mud crab culture is still a growing culture practice in the world. In the recent years, South-east asian countries have gained stronghold in the mud crab culture. Soft shell farming is the new era of mud crab farming where crab mortality through its carnivorous nature can be reduced. Development of crab breeding technology and effective feed is required to spread the mud crab aquaculture. Feed development can unlock new dimensions as domestication and broodstock development of mud crab.
From this study, growth performance of mud crabs fed with different feeds were determined and compared. Results showed that, mud crabs fed with trash fish performed better than both formulated feed and commercial shrimp feed fed crabs. Effect of trash fish on the growth performance was insignificant (P>0.05) from the effects of formulated feed. Although both trash fish and formulated feed had a significant (P<0.05) impact than commercial shrimp feed. Mud crabs fed with trash fish had a shorter intermolt period. Daily and two day interval feeding had insignificant (P>0.05)  effect on growth and molting performance.
From the above discussion it might be concluded that crabs performance in the soft-shell farming system is still dependent of trash fish. Performance by feeding trash fish is better than any other feeding ingredients. This is might due to seed which actually was harvested from the wild and lack of domesticated crabs for culture condition. However, crabs cultured with formulated feed perform more or less similar with trash fish. This might be a good option in future to adopt in mud crab culture in soft-shell farming system.  

Recommendations and Future Perspectives
· Experiments should be conducted to identify the nutritional requirements of mud crab.
· Effective feed should be developed throughout the different life stages of mud crab.
· Possibility of replacing fish meal as protein source in artificial food for mud crab should be checked.
· Dependence on wild caught seed crabs should be minimised by developing mud crab hatchery and rearing technique.
· People should be encouraged to get involve in this highly lucrative business.  
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Appendix A: Measuring  Weight and Carapace Width during the Experiment
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Weekly Weight Measurement
Weekly Carapace Width Measurement
Appendix B: Soft Shell Mud Crab




Appendix C: Experimental Data
	Treatment
	Replication
	Initial Weight (g)
	Final Weight (g)
	Initial Carapace Width (cm)
	Final Carapace Width (cm)

	Commercial Shrimp Feed
	1
	56.3


	89.2
	6.2
	7.8

	Commercial Shrimp Feed
	2
	47.8
	57
	6
	6.7

	Commercial Shrimp Feed
	3
	49.3
	83.4
	6
	7.1

	Commercial Shrimp Feed
	4
	62.5
	60.6
	6.3
	6.3

	Commercial Shrimp Feed
	5
	52
	83.2
	6.1
	6.9

	Commercial Shrimp Feed
	6
	47.7
	59.7
	5.8
	6.1

	Commercial Shrimp Feed
	7
	41.9
	42.1
	5.6
	5.6

	Commercial Shrimp Feed
	8
	65.3
	90.5
	6.2
	7.4

	Commercial Shrimp Feed
	9
	41.6
	53.5
	5.5
	6.5

	Commercial Shrimp Feed
	10
	55.3
	58.7
	6.5
	6.5

	Commercial Shrimp Feed
	11
	70.6
	93.5
	6.8
	6.8

	Commercial Shrimp Feed
	12
	70.9
	75.1
	7
	7

	Commercial Shrimp Feed
	13
	45.7
	45.8
	6
	6

	Commercial Shrimp Feed
	14
	53.9
	73.6
	6.4
	7.3

	Commercial Shrimp Feed
	15
	55.6
	82.8
	6.1
	7.4

	Commercial Shrimp Feed
	16
	46.7
	65.8
	5.9
	6.8

	Commercial Shrimp Feed
	17
	60.2
	104.5
	6.3
	7.9

	Commercial Shrimp Feed
	18
	58.1
	77.5
	6.2
	6.8

	Formulated Feed
	1
	48.2
	100.6
	5.9
	8.1

	Formulated Feed
	2
	49.6
	69.9
	6
	7.1

	Formulated Feed
	3
	68.2
	69.4
	6.5
	6.6

	Formulated Feed
	4
	66
	98
	6.4
	7.9

	Formulated Feed
	5
	48.7
	74.7
	6.2
	7.2

	Formulated Feed
	6
	69.8
	80.2
	6.6
	7.6

	Formulated Feed
	7
	44.8
	63.8
	5.6
	7.1

	Formulated Feed
	8
	42.9
	65.8
	5.7
	6.4

	Formulated Feed
	9
	49.9
	77.1
	6
	7.3

	Formulated Feed
	10
	47.8
	97.5
	5.8
	8.1

	Formulated Feed
	11
	47.7
	100.1
	5.8
	8.1

	Formulated Feed
	12
	73.2
	78.2
	5.9
	6

	Formulated Feed
	13
	42.1
	68.2
	5.5
	6.4

	Formulated Feed
	14
	55.4
	87.7
	6.2
	7.7

	Formulated Feed
	15
	58.7
	103.4
	6.2
	8.4

	Formulated Feed
	16
	53.4
	102.8
	6.2
	7.9

	Formulated Feed
	17
	46.7
	98.5
	5.9
	8.2

	Formulated Feed
	18
	63.9
	97.5
	6.5
	7.3

	Trash Fish
	1
	62.8
	161.4
	6.4
	8.4

	Trash Fish
	2
	48.4
	84.2
	5.9
	7.4

	Trash Fish
	3
	55.2
	80
	6.3
	7.1

	Trash Fish
	4
	46.1
	113.1
	6.1
	8.7

	Trash Fish
	5
	40
	125
	5.6
	8.2

	Trash Fish
	6
	46.7
	48.1
	5.7
	5.8

	Trash Fish
	7
	61.2
	92.3
	6.3
	7.8

	Trash Fish
	8
	54.6
	95
	5.8
	7.3

	Trash Fish
	9
	50.8
	145.1
	6
	8.8

	Trash Fish
	10
	52
	131.8
	6.1
	8.6

	Trash Fish
	11
	48
	48.4
	5.8
	5.9

	Trash Fish
	12
	49.7
	49.8
	6
	6.7

	Trash Fish
	13
	65.2
	162.3
	6.6
	9.3

	Trash Fish
	14
	46.4
	97.6
	5.6
	7.6

	Trash Fish
	15
	52.9
	93.5
	6.1
	7.5

	Trash Fish
	16
	54.2
	54.6
	6.2
	6.3

	Trash Fish
	17
	50
	126.3
	6
	8.8

	Trash Fish
	18
	54.4
	79.7
	5.9
	7.2


	Descriptives

	
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	Minimum
	Maximum

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	Weight Increment
	Commercial Shrimp Feed
	18
	17.5055
	13.4968
	3.18124
	10.7937
	24.2173
	-1.89999
	44.3000

	
	Formulated Feed
	18
	30.911
	16.4670
	3.88131
	22.7222
	39.0999
	1.20000
	52.3999

	
	Trash Fish
	18
	47.1999
	35.358
	8.33405
	29.61
	64.7833
	.099999
	98.6000

	
	Total
	54
	31.872
	26.393
	3.5917
	24.6682
	39.0762
	-1.89999
	98.6000

	Percent Weight Gain
	Commercial Shrimp Feed
	18
	31.9288
	24.0421
	5.66679
	19.9729
	43.8847
	-3.03999
	73.5880

	
	Formulated Feed
	18
	60.6440
	34.2427
	8.07108
	43.6155
	77.6725
	1.75953
	110.920

	
	Trash Fish
	18
	90.9742
	69.1194
	16.2916
	56.6019
	125.346
	.201207
	212.500

	
	Total
	54
	61.1823
	51.8274
	7.05282
	47.0361
	75.3285
	-3.03999
	212.500

	Carapace Width Increment
	Commercial Shrimp Feed
	18
	.666666
	.577010
	.136002
	.379726
	.953607
	.000000
	1.60000

	
	Formulated Feed
	18
	1.36111
	.715491
	.1686429
	1.00530
	1.71691
	.099999
	2.30000

	
	Trash Fish
	18
	1.61111
	.957256
	.2256275
	1.13507
	2.08714
	.099999
	2.80000

	
	Total
	54
	1.21296
	.852973
	.1160750
	.980145
	1.44578
	.000000
	2.80000

	Survival
	Commercial Shrimp Feed
	18
	76.278
	25.5039
	6.0113
	63.595
	88.961
	27.0
	120.0

	
	Formulated Feed
	18
	84.278
	38.7614
	9.1362
	65.002
	103.553
	10.0
	120.0

	
	Trash Fish
	18
	81.000
	40.9591
	9.6542
	60.632
	101.368
	17.0
	120.0

	
	Total
	54
	80.519
	35.2087
	4.7913
	70.908
	90.129
	10.0
	120.0

	SGR
	Commercial Shrimp Feed
	18
	.342022
	.251214
	.0592117
	.217096
	.466948
	-.035897
	.758070

	
	Formulated Feed
	18
	.715871
	.764275
	.1801415
	.335806
	1.09593
	.037918
	3.53545

	
	Trash Fish
	18
	.649228
	.380584
	.0897046
	.459968
	.838489
	.007444
	1.41446

	
	Total
	54
	.569040
	.530159
	.0721456
	.424335
	.713746
	-.035897
	3.53545


	ANOVA

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Weight Increment
	Between Groups
	7960.781
	2
	3980.391
	7.010
	.002

	
	Within Groups
	28960.267
	51
	567.848
	
	

	
	Total
	36921.048
	53
	
	
	

	Percent Weight Gain
	Between Groups
	31385.035
	2
	15692.517
	7.212
	.002

	
	Within Groups
	110977.522
	51
	2176.030
	
	

	
	Total
	142362.557
	53
	
	
	

	Carapace Width Increment
	Between Groups
	8.620
	2
	4.310
	7.342
	.002

	
	Within Groups
	29.941
	51
	.587
	
	

	
	Total
	38.561
	53
	
	
	

	Survival
	Between Groups
	582.259
	2
	291.130
	.228
	.797

	
	Within Groups
	65119.222
	51
	1276.847
	
	

	
	Total
	65701.481
	53
	
	
	

	SGR
	Between Groups
	1.431
	2
	.716
	2.711
	.076

	
	Within Groups
	13.465
	51
	.264
	
	

	
	Total
	14.897
	53
	
	
	


	Dependent Variable
	(I) Feed
	(J) Feed
	Mean Difference (I-J)
	Std. Error
	Sig.

	
	
	
	
	
	

	Weight Increment
	Tukey HSD
	Commercial Shrimp Feed
	Formulated Feed
	-13.4055
	7.943189
	.220

	
	
	
	Trash Fish
	-29.69444*
	7.94318
	.001

	
	
	Formulated Feed
	Commercial Shrimp Feed
	13.40555
	7.943189
	.220

	
	
	
	Trash Fish
	-16.2888
	7.94318
	.111

	
	
	Trash Fish
	Commercial Shrimp Feed
	29.69444*
	7.943189
	.001

	
	
	
	Formulated Feed
	16.2888
	7.943189
	.111

	Percent Weight Gain
	Tukey HSD
	Commercial Shrimp Feed
	Formulated Feed
	-28.71519
	15.5493
	.165

	
	
	
	Trash Fish
	-59.04537*
	15.5493
	.001

	
	
	Formulated Feed
	Commercial Shrimp Feed
	28.71519
	15.54931
	.165

	
	
	
	Trash Fish
	-30.3301
	15.54931
	.135

	
	
	Trash Fish
	Commercial Shrimp Feed
	59.04537*
	15.5493
	.001

	
	
	
	Formulated Feed
	30.33018
	15.5493
	.135

	Carapace Width Increment
	Tukey HSD
	Commercial Shrimp Feed
	Formulated Feed
	-.69444*
	.2554
	.024

	
	
	
	Trash Fish
	-.94444*
	.2554
	.002

	
	
	Formulated Feed
	Commercial Shrimp Feed
	.69444*
	.2554
	.024

	
	
	
	Trash Fish
	-.2500
	.2554
	.593

	
	
	Trash Fish
	Commercial Shrimp Feed
	.94444*
	.255401
	.002

	
	
	
	Formulated Feed
	.2500
	.25540
	.593

	Survival
	Tukey HSD
	Commercial Shrimp Feed
	Formulated Feed
	-8.0000
	11.9110
	.781

	
	
	
	Trash Fish
	-4.7222
	11.9110
	.917

	
	
	Formulated Feed
	Commercial Shrimp Feed
	8.0000
	11.9110
	.781

	
	
	
	Trash Fish
	3.2778
	11.9110
	.959

	
	
	Trash Fish
	Commercial Shrimp Feed
	4.7222
	11.9110
	.917

	
	
	
	Formulated Feed
	-3.2778
	11.9110
	.959

	SGR
	Tukey HSD
	Commercial Shrimp Feed
	Formulated Feed
	-.37384
	.17127
	.084

	
	
	
	Trash Fish
	-.307206
	.17127
	.182

	
	
	Formulated Feed
	Commercial Shrimp Feed
	.37384
	.17127
	.084

	
	
	
	Trash Fish
	.0666427
	.17127
	.920

	
	
	Trash Fish
	Commercial Shrimp Feed
	.30720
	.17127
	.182

	
	
	
	Formulated Feed
	-.0666
	.17127
	.920


	Weight Increment

	
	Feed
	N
	Subset for alpha = 0.05

	
	
	
	1
	2

	Tukey HSDa
	Commercial Shrimp Feed
	18
	17.505555555555553
	

	
	Formulated Feed
	18
	30.911111111111110
	30.911111111111110

	
	Trash Fish
	18
	
	47.199999999999996

	
	Sig.
	
	.220
	.111

	Duncana
	Commercial Shrimp Feed
	18
	17.505555555555553
	

	
	Formulated Feed
	18
	30.911111111111110
	

	
	Trash Fish
	18
	
	47.199999999999996

	
	Sig.
	
	.098
	1.000

	Means for groups in homogeneous subsets are displayed.

	a. Uses Harmonic Mean Sample Size = 18.000.


	Percent Weight Gain

	
	Feed
	N
	Subset for alpha = 0.05

	
	
	
	1
	2

	Tukey HSDa
	Commercial Shrimp Feed
	18
	31.928829986193094
	

	
	Formulated Feed
	18
	60.644024121371444
	60.644024121371444

	
	Trash Fish
	18
	
	90.974208352076810

	
	Sig.
	
	.165
	.135

	Duncana
	Commercial Shrimp Feed
	18
	31.928829986193094
	

	
	Formulated Feed
	18
	60.644024121371444
	60.644024121371444

	
	Trash Fish
	18
	
	90.974208352076810

	
	Sig.
	
	.071
	.057

	Means for groups in homogeneous subsets are displayed.

	a. Uses Harmonic Mean Sample Size = 18.000.

	Carapace Width Increment

	
	Feed
	N
	Subset for alpha = 0.05

	
	
	
	1
	2

	Tukey HSDa
	Commercial Shrimp Feed
	18
	.666666666666667
	

	
	Formulated Feed
	18
	
	1.361111111111111

	
	Trash Fish
	18
	
	1.611111111111111

	
	Sig.
	
	1.000
	.593

	Duncana
	Commercial Shrimp Feed
	18
	.666666666666667
	

	
	Formulated Feed
	18
	
	1.361111111111111

	
	Trash Fish
	18
	
	1.611111111111111

	
	Sig.
	
	1.000
	.332

	Means for groups in homogeneous subsets are displayed.

	a. Uses Harmonic Mean Sample Size = 18.000.


	SGR

	
	Feed
	N
	Subset for alpha = 0.05

	
	
	
	1
	2

	Tukey HSDa
	Commercial Shrimp Feed
	18
	.342022195678899
	

	
	Trash Fish
	18
	.649228868334357
	

	
	Formulated Feed
	18
	.715871568404067
	

	
	Sig.
	
	.084
	

	Duncana
	Commercial Shrimp Feed
	18
	.342022195678899
	

	
	Trash Fish
	18
	.649228868334357
	.649228868334357

	
	Formulated Feed
	18
	
	.715871568404067

	
	Sig.
	
	.079
	.699

	Means for groups in homogeneous subsets are displayed.

	a. Uses Harmonic Mean Sample Size = 18.000.


	Descriptives

	
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	Minimum
	Maximum

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	Weight Increment
	Daily
	18
	31.8000
	28.2328
	6.6545
	17.7601
	45.8398
	-1.89999
	98.6000

	
	1 Day Interval
	18
	27.2277
	27.3454
	6.44538
	13.6292
	40.8263
	.09999
	94.3000

	
	2 Day Interval
	18
	36.5888
	24.0947
	5.679183
	24.606
	48.5709
	.09999
	97.1000

	
	Total
	54
	31.87222
	26.393
	3.59171
	24.66814
	39.0762
	-1.89999
	98.6000

	Percent Weight Gain
	Daily
	18
	62.9932
	58.7784
	13.8542
	33.763
	92.2230
	-3.03999
	212.500

	
	1 Day Interval
	18
	52.6709
	54.29123
	12.79656
	25.6725
	79.6693
	.20120
	185.6299

	
	2 Day Interval
	18
	67.882
	42.94303
	10.12177
	46.5278
	89.2380
	.218818
	152.60000

	
	Total
	54
	61.1823
	51.8274
	7.05282
	47.0361
	75.3285
	-3.0399
	212.5000

	Carapace Width Increment
	Daily
	18
	1.166666
	.81240
	.191485
	.76266
	1.5706
	.00000
	2.5999

	
	1 Day Interval
	18
	1.08333
	.95255
	.2245183
	.6096
	1.55702
	.00000
	2.800

	
	2 Day Interval
	18
	1.38888
	.8050494
	.189751
	.98854
	1.7892
	.00000
	2.80

	
	Total
	54
	1.21296
	.852973
	.1160750
	.98014
	1.4457
	.00000
	2.800

	Survival
	Daily
	18
	79.944
	30.2936
	7.1403
	64.880
	95.009
	32.0
	120.0

	
	1 Day Interval
	18
	62.667
	33.1609
	7.8161
	46.176
	79.157
	10.0
	120.0

	
	2 Day Interval
	18
	98.944
	33.9142
	7.9937
	82.079
	115.810
	17.0
	120.0

	
	Total
	54
	80.519
	35.2087
	4.7913
	70.908
	90.129
	10.0
	120.0

	SGR
	Daily
	18
	.532114
	.32605
	.076851
	.3699
	.6942
	-.0358
	.96562

	
	1 Day Interval
	18
	.672433
	.81022
	.190972
	.2695
	1.0753
	.00744
	3.5354

	
	2 Day Interval
	18
	.502575
	.30992
	.07305
	.3484
	.656
	.00336
	1.4144

	
	Total
	54
	.569040
	.53015
	.07214
	.42433
	.7137
	-.0358
	3.5354


	ANOVA

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Weight Increment
	Between Groups
	788.814
	2
	394.407
	.557
	.577

	
	Within Groups
	36132.234
	51
	708.475
	
	

	
	Total
	36921.048
	53
	
	
	

	Percent Weight Gain
	Between Groups
	2171.184
	2
	1085.592
	.395
	.676

	
	Within Groups
	140191.373
	51
	2748.850
	
	

	
	Total
	142362.557
	53
	
	
	

	Carapace Width Increment
	Between Groups
	.898
	2
	.449
	.608
	.548

	
	Within Groups
	37.663
	51
	.738
	
	

	
	Total
	38.561
	53
	
	
	

	Survival
	Between Groups
	11853.593
	2
	5926.796
	5.613
	.006

	
	Within Groups
	53847.889
	51
	1055.841
	
	

	
	Total
	65701.481
	53
	
	
	

	SGR
	Between Groups
	.296
	2
	.148
	.518
	.599

	
	Within Groups
	14.600
	51
	.286
	
	

	
	Total
	14.897
	53
	
	
	


	Dependent Variable
	(I) Feeding Frequency
	(J) Feeding Frequency
	Mean Difference (I-J)
	Std. Error
	Sig.

	
	
	
	
	
	

	Weight Increment
	Tukey HSD
	Daily
	1 Day Interval
	4.5722
	8.872
	.864

	
	
	
	2 Day Interval
	-4.7888
	8.8723
	.852

	
	
	1 Day Interval
	Daily
	-4.57222
	8.87239
	.864

	
	
	
	2 Day Interval
	-9.36111
	8.8723
	.546

	
	
	2 Day Interval
	Daily
	4.7888
	8.8723
	.852

	
	
	
	1 Day Interval
	9.36111
	8.872
	.546

	Percent Weight Gain
	Tukey HSD
	Daily
	1 Day Interval
	10.3222
	17.47649
	.826

	
	
	
	2 Day Interval
	-4.88973
	17.47649
	.958

	
	
	1 Day Interval
	Daily
	-10.3222
	17.4764
	.826

	
	
	
	2 Day Interval
	-15.21200
	17.4764
	.661

	
	
	2 Day Interval
	Daily
	4.88973
	17.4764
	.958

	
	
	
	1 Day Interval
	15.21200
	17.4764
	.661

	Carapace Width Increment
	Tukey HSD
	Daily
	1 Day Interval
	.08333
	.28645
	.954

	
	
	
	2 Day Interval
	-.2222
	.28645
	.719

	
	
	1 Day Interval
	Daily
	-.08333
	.28645
	.954

	
	
	
	2 Day Interval
	-.30555
	.2864506
	.539

	
	
	2 Day Interval
	Daily
	.2222
	.28645
	.719

	
	
	
	1 Day Interval
	.30555
	.28645
	.539

	Survival
	Tukey HSD
	Daily
	1 Day Interval
	17.2778
	10.8312
	.257

	
	
	
	2 Day Interval
	-19.0000
	10.8312
	.195

	
	
	1 Day Interval
	Daily
	-17.2778
	10.8312
	.257

	
	
	
	2 Day Interval
	-36.2778*
	10.8312
	.004

	
	
	2 Day Interval
	Daily
	19.0000
	10.8312
	.195

	
	
	
	1 Day Interval
	36.2778*
	10.8312
	.004

	SGR
	Tukey HSD
	Daily
	1 Day Interval
	-.1403
	.1783
	.713

	
	
	
	2 Day Interval
	.02953
	.1783
	.985

	
	
	1 Day Interval
	Daily
	.14031
	.17834
	.713

	
	
	
	2 Day Interval
	.16985
	.17834
	.610

	
	
	2 Day Interval
	Daily
	-.02953
	.178349
	.985

	
	
	
	1 Day Interval
	-.16985
	.17834
	.610


	Weight Increment

	
	Feeding Frequency
	N
	Subset for alpha = 0.05

	
	
	
	1

	Tukey HSDa
	1 Day Interval
	18
	27.227777777777778

	
	Daily
	18
	31.800000000000004

	
	2 Day Interval
	18
	36.588888888888880

	
	Sig.
	
	.546

	Duncana
	1 Day Interval
	18
	27.227777777777778

	
	Daily
	18
	31.800000000000004

	
	2 Day Interval
	18
	36.588888888888880

	
	Sig.
	
	.326

	Means for groups in homogeneous subsets are displayed.

	a. Uses Harmonic Mean Sample Size = 18.000.

	Percent Weight Gain

	
	Feeding Frequency
	N
	Subset for alpha = 0.05

	
	
	
	1

	Tukey HSDa
	1 Day Interval
	18
	52.670927369451384

	
	Daily
	18
	62.993201335269680

	
	2 Day Interval
	18
	67.882933754920270

	
	Sig.
	
	.661

	Duncana
	1 Day Interval
	18
	52.670927369451384

	
	Daily
	18
	62.993201335269680

	
	2 Day Interval
	18
	67.882933754920270

	
	Sig.
	
	.418

	Means for groups in homogeneous subsets are displayed.

	a. Uses Harmonic Mean Sample Size = 18.000.


	Carapace Width Increment

	
	Feeding Frequency
	N
	Subset for alpha = 0.05

	
	
	
	1

	Tukey HSDa
	1 Day Interval
	18
	1.083333333333334

	
	Daily
	18
	1.166666666666667

	
	2 Day Interval
	18
	1.388888888888889

	
	Sig.
	
	.539

	Duncana
	1 Day Interval
	18
	1.083333333333334

	
	Daily
	18
	1.166666666666667

	
	2 Day Interval
	18
	1.388888888888889

	
	Sig.
	
	.321

	Means for groups in homogeneous subsets are displayed.

	a. Uses Harmonic Mean Sample Size = 18.000.


	Survival

	
	Feeding Frequency
	N
	Subset for alpha = 0.05

	
	
	
	1
	2

	Tukey HSDa
	1 Day Interval
	18
	62.667
	

	
	Daily
	18
	79.944
	79.944

	
	2 Day Interval
	18
	
	98.944

	
	Sig.
	
	.257
	.195

	Duncana
	1 Day Interval
	18
	62.667
	

	
	Daily
	18
	79.944
	79.944

	
	2 Day Interval
	18
	
	98.944

	
	Sig.
	
	.117
	.085

	Means for groups in homogeneous subsets are displayed.

	a. Uses Harmonic Mean Sample Size = 18.000.


	SGR

	
	Feeding Frequency
	N
	Subset for alpha = 0.05

	
	
	
	1

	Tukey HSDa
	2 Day Interval
	18
	.502575449012604

	
	Daily
	18
	.532114058234320

	
	1 Day Interval
	18
	.672433125170399

	
	Sig.
	
	.610

	Duncana
	2 Day Interval
	18
	.502575449012604

	
	Daily
	18
	.532114058234320

	
	1 Day Interval
	18
	.672433125170399

	
	Sig.
	
	.376

	Means for groups in homogeneous subsets are displayed.

	a. Uses Harmonic Mean Sample Size = 18.000.
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