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ABSTRACT 

The silver perch, Bidyanus bidyanus is an Australian native fish of great aquaculture 
potential. Currently, silver perch represent a major fi-eshwater aquaculture industry in 
Australia. There have been some research on the biology and nutrition of silver perch 
but until now there has been no research on the quality and quantity of wastes that may 
result fi"om aquaculture of silver perch or other species in Australia. The present study 
was undertaken primarily to investigate the biological growth of silver perch juveniles 
fed on artificial and sewage gro-vvn zooplankton, and quantifies solid and nutrient load 
fi^om rearing of silver perch at different temperatures. Silver perch juveniles were 
reared at three temperatures (20°C, 25°C and 30°C) and fed on three commercial 
diets referred to as diet-1, diet-2 and diet-3. The protein and phosphorus content of 
three diets are : diet-1 (53% and 1.31%), diet-2 (45%, 1.16%), and diet-3 (36% and 
1.28%) respectively. 

Of the three diets fed to silver perch, diet-2 containing 45% protein, resulted 
comparatively higher growth rate though statistical analysis did not reveal any 
significant difference in weight gain offish fed the three diets (P>0.05). The gain in 
weight decreased as diet-2>diet-l>diet-3. Silver perch reared at 25°C resulted 
significantly better food conversion ratio (FCR) and specific growth rate (SGR) in the 
order of 25°C>30°C>20°C (P<0.05). The analysis of sewage grown zooplankton 
revealed an attractive biochemical composition, containing 54.34%-64.8% protein, 
7.29%-7.73% fat and 1.11%-1.14% phosphorus. Silver perch fed on Daphnia carinata 
resulted significantly higher gain in weight, SGR and FCR over Moina australiensis 
(P<0.05). 

The diet which resulted in a comparatively higher gro-wth and a better FCR, 
produced less suspended and dissolved solid waste to the en"vdronment (P>0.05). The 
solid waste production was significantly lower at 25°C compared to fish reared at 
30°C and 20°C (P<0.05). The average solid waste production at 25°C was 284 
kg.tonne'^ fish production. The main path of nitrogen loss in the aquaculture of silver 
perch was found to be via gill excretion (85.7%-90.2%) and via faeces (9.8%-14.3%). 
The hourly excretion rate of ammonia showed a sharp increase soon afler a meal and a 
linear decrease during the remaining 24 hours. The daily ammonia excretion rate 
increased with an increase in temperature and was significantly higher at 30°C than at 
25°C (P<0.05). A linear relationship was found between nitrogen intake and the loss 
of nitrogen in faeces. Faecal nitrogen loss was higher at 30°C than at 25°C (P<0.05). 
The nitrogen retention by silver perch was found significantly greater at 25°C than at 
30°C (P<0.05), and average nitrogen retained at 25°C and 30°C were 43.1% and 
29.4% respectively (P<0.05). The main path of phosphorus loss by silver perch was via 
faeces. At 25°C, 66.7% of the phosphorus loss was in particulate form and the 
remaining 33.3% in dissolved form. Fish fed on diet-2 excreted comparatively less 
orthophosphate than either by diet-1 and diet-3 fed to fish (P>0.05). Similar to 
ammonia excretion, there was a sharp increase in orthophosphate excretion soon after 
a meal which also decreased linearly during the remaining 24 hours. The daily 
orthophosphate excretion increased with an increase in temperature and was 



significantly higher at 30°C than at 25°C (P<0.05). The phosphorus retention by silver 
perch was significantly better at 25°C than at 30°C (P<0.05). The average phosphorus 
retained at 25°C was 49.1% and at 30°C it was 24.5% (P<0.05). The release of 
nutrients from fish food was depended upon pH and temperature of the environment. 
The release of orthophosphate and ammonium was higher at higher temperatures. The 
release of phosphate was accelerated in acidic media whereas ammonium in neutral to 
alkaline media. The fish food which contained the highest concentration of phosphorus 
generated faeces with most labile phosphorus. When silver perch juveniles were reared 
at 0 salinity, 4 salinity, 8 salinity and 12 salinity, the best growth rate and higher 
nutrient retention was achieved at 4 salinity (P<0.05). 

The present study demonstrated that silver perch can grow significantly faster 
at a temperature close to it's optimum. It also show that sewage grown zooplankton 
was an inexpensive and alternative diet in the rearing of silver perch juveniles. The 
study reveals that culture of fish at their optimum temperature may enhance nutrient 
retention and a reduction in the discharge of nutrient to the environment. The study 
fiirther indicated that rearing of silver perch in a slightly saline conditions may be 
another option for achieving better growth rates and provide a lower nutrient loading 
to the environment. 
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Chapter 1 

GENERAL INTRODUCTION 



GENERAL INTRODUCTION 

Aquaculture is an important food production industry and it is becoming increasingly 

popular for the increase in demand for fresh and healthy foods. Although aquaculture 

is an infant industry, interest in the culture of fish and other aquatic organisms has 

increased as a result of population increase, interest in research on native species, 

availability of research funding for aquaculture research (CRC for Aquaculture 

1996/97), over-exploitation of some major commercial fisheries (Rowling 1990) and 

importation of large quantities offish and fishery products (Jarzynski 1991). 

Aquaculture in Australia is expanding steadily with a marked increase 

production in the last five years (Table 1.1.). There has been a 240% increase in 

aquaculture production since 1988-89 (O'Sullivan and Kiley 1996). The highly valued 

Atlantic salmon {Salmo salar). Rainbow trout (Oncorhynchus mykiss), barramundi 

{Lates calcarifer) and the giant tiger prawn (Penaeus monodon) have been the main 

species cultured recently (O'Sullivan and Kiley 1996). There is an increase in 

competition since these species (as indicated above) are costly to produce and they are 

also cultured in other countries in Europe and Asia (Rowland et al. 1995). 

Table 1.1. Austialian aquaculture production data for the financial years 1988/89 to 1994/95 
(O.Sullivan & Kiley 1996) 

Year Tonnes Value (A$) 
(OOO's) (million) 

1988/89 
1989/90 
1990/91 
1991/92 
1992/93 
1993/94 
1994/95 

11.9 
12.4 
14.3 
16.2 
16.8 
21.7 
23.5 

135.9 
188.0 
237.5 
254.1 
255.5 
318.9 
418.7 
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Australia has few freshwater fish (180-190 species), of which 127 are endemic 

to Australia (Allen 1989). It is generally believed that the limited number of freshwater 

fish in Australia may be a reflection of a long geographical isolation of the continent. 

Nevertheless, the Australian native fish and native crayfish form the main freshwater 

aquaculture industry of the country (Kibria et al. 1996a). Among the native fish, four 

species have been identified as potential for aquaculture. These are the silver perch 

{Bidyanus bidyanus). Golden perch (Macqiiaria ambigua), Murray cod 

{Maccullochella peeli) and Freshwater catfish {Tandanus tandanus) (Hume and 

Bariow 1993). 

The native silver perch is regarded as the species with highest potential for 

aquaculture in Australia (Allan and Rowland 1996) because it possesses a number of 

preferred characteristics including being easy to culture in earthen ponds (Rowland et 

al. 1995), utilizing of natural zooplankton as a food (Rowland 1984; 1986), rapid 

growth rates, acceptance of artificial feeds, and being amenable to crowding (Barlow 

1986; Rowland and Bariow 1991; Allan and Rowland 1992; Rowland and Kearney 

1992). It is one of the species of the Murray-Darling River system that is much sought 

after by commercial and recreational fishers (Cadwallader 1979). Considerable interest 

has been shown in culturing silver perch in countries like, China and Taiwan (Gooley 

and Rowland 1993) and I did receive great interest in silver perch following my talk to 

the 4th Asian Fisheries Forum held in Beijing, China (16-20 October 1995) (Kibria et 

al. 1996a). At present, silver perch farming is very popular as demonstrated by the 

increasing interest and investment in the culture of the species (Kibria et al. 1996a). 

The following pages contain a critical literature review on aspects of silver perch 

biology and aquaculture, biochemical composition of zooplankton and significance to 

aquaculture, solid waste production, and nitrogen and phosphorus pollution from 

aquaculture which are the main topics of my research study. 
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1.1 THE BIOLOGY AND CULTURE OF SILVER PERCH 

History, natural habitats and status 

Silver perch, Bidyanus bidyanus (Mitchell, 1838) (Teraponidae) is a native Australian 

freshwater fish (Figure 1.1.) endemic to most of the Murray-Darling river system 

(Merrick and Schmida 1984) except in the cool high upper reaches of streams (Lake 

1967a; Merrick and Schmida 1984; Pollard et al. 1990). It is a potamodromous 

species, i.e., migrate wholly within freshwater habitat (Quo et al. 1995). The species 

was commonly consumed by the Aborigines and the scientific name was also derived 

from the Aboriginal name bidyan (Rowland 1995a) by the explorer Major Thomas 

Mitchell who named the fish after he caught it from the Namoi River in 1832 (Mitchell, 

1838). 

The species was once abundant and widespread throughout the Murray-Darling 

River system but its distribution and abundance have been greatly reduced and it is 

now uncommon in many areas (Rowland 1994). The decline in population of the 

species is thought to be due to increased competition for food from introduced 

cyprinids e.g. Cyprinus carpio, predation by the EngHsh perch, Perca fluviatilis, and 

the construction of dams which prevented upstream migration of the species 

(Cadwallader and Backhouse 1983). It is now categorized as a "Potentially 

Threatened" species (Jackson 1994) and its status may turn into "Endangered" unless 

measures are taken to increase its population (Rowland 1995a). Such measures might 

include aquaculture since B. bidyanus has a number of characteristics that makes the 

farming of the species a viable proposition for aquaculture. 

1.1.2 Biological characteristics of the silver perch 

The species can tolerate a wide range of temperature, from 2.0°C to 32.0°C 

(Cadwallader and Backhouse 1983), but the optimum growth temperature range is 

beheved to be 23.0°C - 28.0°C (Rowland et al. 1995). Apart from extremes 
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Figure 1.1. The Silver perch, Bidyanus bidyanus is a major freshwater aquaculture 
industry in Australia. Demands to culture the species is increasing both in Australia and 

overseas. 
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oftemperature, higher ammonia concentration could significantly reduce the growth of 

silver perch during the hottest months (Rowland 1995b). Table 1.1.1. Usts the water 

quality parameters that are recommended for culture of silver perch. 

Table 1.1.1. Water quality variables recommended for intensive silver perch aquaculture (Rowland 
1995b) 

Variables 
Temperature (°C) 
Dissolved oxygen (mg/1) 
pH 
Total ammonia nitrogen (TAN) (mg/1) 
NH3 (mg/1) (unionised ammonia) 

Recommended 
10-30 
>4.5 
7.0-9.5 
<2.0 
<0.1 

Optimum for growth 
23-28 

Male silver perch become mature in their second year (233 mm) while females 

mature in their third year (340 mm) (Cadwallader and Backhouse 1983; Merrick and 

Schmida 1984). However, aduh fish may die after spawning (Lake 1967b; Cadwallader 

and Backhouse 1983). Spawning occurs in summer (November - January) when 

sexually mature fish migrate upstream to spawn in shallow warm waters (Cadwallader 

1977; Merrick 1980; Cadwallader and Backhouse 1983; Reynolds 1983). Flooding is 

thought to be required for natural spawning of silver perch (Davis 1977). The 

fecundity is high and the number of eggs per female varies from 300,000 (Merrick 

1980) to 500,000 eggs (Whitley 1960). Eggs are pelagic with a diameter of 2-8mm 

(Lake 1967c). Hatching occurs about 30 hours after eggs are laid at temperatures of 

22.0-31.0°C (Cadwallader and Backhouse 1983). The larvae are benthic (Lake 1967c) 

and juveniles form large schools (Lake 1967a; Merrick 1980) which often 

congregating below rapids, weirs (Merrick 1980) and fast flowing water with sand, or 

gravel bottom (Llewellyn 1983; Merrick and Schmida 1984; Starling 1992). Adults can 

live in extremely turbid waters (Cadwallader 1977) and the species is tolerant of high 

salt concentrations (Ingram etal. 1996). Silver perch is also a territorial and aggressive 

fish (Cadwallader and Backhouse 1983; Starling 1992). The average size at two years 

of age is around 180 mm (Cadwallader and Backhouse 1983) and common sizes 

usually caught are 350-410 mm (0.75kg - 2.5 kg) (Merrick and Schmida 1984). The 
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pre-spawning activities of B. bidyanus have been described by Merrick and Schmida 

(1984). 

Food and feeding habitats 

The young fish (larvae) starts feeding from the sixth day after hatching and feeds 

mainly on zooplankton including rotifers, copepod nauplii, small copepods and 

cladocerans (Cadwallader and Backhouse 1983; Rowland 1984; Thurstan and 

Rowland 1995), Adult fish are omnivorous and, at times, feed extensively on 

zooplankton, particularly the larger ostracods and cladocerans. Other food includes 

shrimps (Macrobrachium sp., atyids), yabbies, chironomid larvae, aquatic insects, 

earthworms, molluscs, filamentous algae, and aquatic plants (Lake 1967a; Cadwallader 

and Backhouse 1983; Merrick and Schmida 1984; Rowland 1994). The natural 

zooplankton identified from earthen ponds under B. bidyanus culture is comprised of 

(Moina micrura, Daphnia carinata (cladocerans), Boeckella fluvialis (copepod) and 

Brachionus calyciflorus, Asplanchna sieboidi (rotifers) (Culver and Geddes 1993). 

Aquaculture of Silver Perch 

There are a number of characteristics that make silver perch an ideal species for 

aquaculture, which are : a rapid and uniform growth in crowded conditions (Barlow 

1986; Pollard 1986), (the current stocking densities in earthen ponds is 10,000 

fingerling/ha with aeration and 5000 fingerlings/ha without aeration; Walker 1993), 

effective utilization of both plant proteins and meat meals (Allan and Rowland 1996), 

low production costs, its high fecundity and ready acceptance of low-protein diets 

(Bariow 1986; Rowland and Barlow 1991; Walker 1994a, 1994b). Silver perch are 

also tolerant to high temperatures (Pollard 1986), and omnivorous feeding habits 

(Rowland and Kearney 1992). Silver perch farming is a major native fish culture 

industry in this country as demonstrated by its production figures (Table 1.1.2 and 

1.1.3) and has the potenfial to achieve an annual production of up to 10 t/ha (Walker 

1994a; Rowland 1995c). Major B. bidyanus farms are small (1-3 ponds) although 

24 



chapter 1 : General ii\txodiictioii 

there are some medium sized farms (4-8 ponds) and a few large farms (6-17 hectares) 

(Walker and Caney 1996). 

Table 1.1.2. Comparison of native silver perch and native finfish production during 1994/95 
(O'Sullivan and Kiley 1996). [Key : NDA = No details available; NSW = New South Wales; 
NT=Northern Territory; TAS=Tasmania; SA=South Australia; QLD=Queensland; VlC=Victoria; 
WA=Western Australia]. 

FINFISH 

farm 
(tonnes) 

Statewi.se Silver Perch production 
Silver Perch (NSW) 
Silver Perch (VIC) 
Silver Perch (QLD) 
Silver Perch (SA) 
Silver Perch (WA) 
Silver Perch (TAS) 
Silver Perch (NT) 

17.3 
1 
34.4 
-
-
-
-

Silver Perch and other native finfish production 
Silver Perch (all states) 
Golden perch (all states) 
Murray cod (all states) 
Trout cod (all states) 
Australian bass (all states) 
Catfish (all states) 
Macquarie perch (all states) 
Mary River cod (all states) 

52.7 
0.5 
<0.1 
no data 
<0.1 
no data 
no data 
no data 

hatchery 
(OOO's) 

1,807.3 
NDA 
400.0 
-
-
-
-

during 1994/95 
2,207.3 
2,498.9 
196.7 
32.1 
274.3 
44.5 
53.0 
4.7 

value 
($,000) 

635.8 
10 
331.9 
-
-
-
-

977.7 
397.0 
101.3 
3.4 
95.6 
42.6 
5.4 
7.0 

The aquaculture of silver perch is highest in New South Wales (NSW), and in 

Queensland (QLD); and these two states contributed 98% of 5 . bidyanus production 

in 1994/1995 (Table 1.1.2). The increase in freshwater fish production in Australia is 

mainly due to the interest and investment in growing B. bidyanus (Kibria et al. 1996a) 

(see also Table 1.1.3). 

Table 1.1.3. Native fish production and contribution from silver perch to aquaculture from 1988 to 
1995. 

Year Native fish farm Silver Perch Source 
production (t) contribution (t) ^ 

1988-89 10 ^ Tradwell et al. (1992) 
1991-92 43.9 26.6 O'Sullivan (1995) 
1994-95 53.2 52.7 O'Sullivan & Kiley (1996) 
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To achieve the best result for raising silver perch, research has been undertaken by a 

number of different authors on the breeding, nutrition, growth performance in ponds, 

tanks, and saline waters. These findings are summarized below : 

The artificial breeding of Silver Perch 

Techniques on the artificial propagation of silver perch, along with other native species 

have been developed at the Inland Fisheries Research Station, Narrandera, Eastern 

Freshwater Fish Research Hatchery, Grafton in New South Wales, and at Snobs Creek 

Freshwater Fisheries Research Station and Hatchery in Victoria (Rowland 1983; 

Rowland 1984). The techniques involved inducing breeding of native fish using 

artificial hormone (human chorionic gonadotrophin, HCG) and a preparation of the 

pituitary gland from common carp. The optimum dose of HCG that induced a high 

hatching rate of eggs in silver perch was 200 lU/kg HCG (Rowland 1984). About 

three million silver perch fiy are produced aimually by induced breeding to stock farm 

dams, and other natural waters used for recreational fishing (Rowland et al. 1995). 

Nutrition of silver perch 

Research has been undertaken on the nutrition and production of silver perch by a 

number of authors (Rowland and Barlow 1991; Allan and Rowland 1992; Allan and 

Rowland 1994; O'Sullivan 1994; Allan 1995). Allan and Rowland (1991) obtained the 

fastest growth rate of 5. bidyanus using the diet containing 36% protein using three 

experimental diets at 21%, 36% and 49% protein. Based on this trial, Allan and 

Rowland (1992) have developed the first reference diet for B. bidyanus which 

containing 36% protein, 5.5% fat, and 1.1% fatty acids. The total methionine and total 

lysine composhion (the limiting amino acids in feed) of the reference diet was 7.4 and 

22.6g/kg respectively. The food conversion ratio (FCR) was found to be affected by 

both the protein content of diets and rearing temperatures (Table 1.1.4). B. bidyanus 

fed on a diet containing 36% protein showed better food conversion ratio (FCR) than 

silver perch fed at other levels of protein (Allan and Rowland 1991). 
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Table 1.1.4. Effect of dietary protein levels and rearing temperatiire on food conversion ratio (FCR) 
of silver perch. 

Protein 
content (%) 
20.7% 
36% 
49% 
35% 
35% 
35% 
35% 
50% 

Feeding rate 
% BW'/day 
satiation 
satiation 
satiation 
5% 
4% & 3% 
3% 
3% 
3% 

Water 
temperature 
18.3°-22.8<'C 
18.30-22.8°C 
18.30-22.800 
22.OOC-26.60C 
13.20C-28.4°C 
-
i2.50C-3O.30C 
22.0OC-31.30c 

FCR 

3.0±0.2 
1.7±p.l 
2.4+0.3 
1.1-1.2 
1.8-1.9 
1.0-1.3 
2.3 
0.7 

Culture 
system 
Tank 
Tank 
Tank 
Pond 
Pond 
-
Pond 
Pond 

Source 

Allan and Rowland (1991) 
Allan and Rowland (1991) 
Allan and Rowland (1991) 
Rowland era/. (1994) 
Rowland ern/. (1995) 
Allan and Rowland (1992) 
Rowland (1995d) 
Rowland (1994)* 

'BW = body weight; * = Rowland commented that FCR was better apparently due to eating of natural pond food as well. 

Research has also been undertaken on the use of Australian oilseeds (soybean, 

canola, cottonseed, and peanut) and grain legumes (lupins, chick pea, field pea and 

cow pea) as ingredient of silver perch diets and results are encouraging, since apparent 

digestibility coefficients (ADC's) of vegetable protein is similar to, or higher than that 

obtained with fish meal (Allan and Rowland 1994). The research demonstrated that 

silver perch is very efiBcient in digesting vegetable protein, and the best growth of the 

fish was obtained from peanut meal, followed by soybean meal, lupin and canola meal. 

However, research found that growth of silver perch decreased, and the FCR value 

deteriorated with an increase in plant protein content. Very poor FCRs was reported 

when silver perch were fed on diet with a high fibre content (O'Sullivan 1994). Studies 

were also conducted on the effects of varying protein and energy concentrations, with 

results showing that the growth of silver perch increased with increasing protein and 

energy level in diets (Allan et al. 1994). The fat deposition in B. bidyanus was directly 

related to the fat content of diets (Anderson and Arthington 1989; Hunter et al. 1994). 

Further experimental trials confirmed that silver perch require both the linolenic 

(18:3n-3) and linoleic (18:2n-6) series of fatty acids for optimal growth (Anderson and 

Arthington 1989). A synopsis of nutritional research on silver perch has been published 

by Allan and Rowland (1996). 
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Growth and production of Silver Perch 

Growth of silver perch is affected by the rearing temperature. During the winter 

months (May-September), the growth rate is significantly slower than in the warmer 

months (October to March) (Table 1.1.5). Silver perch eat aggressively at a 

temperatures above 20°C and are less aggressive at lower temperatures. Although 

silver perch grow better in temperatures above 20°C, the prolonged exposure at 30°C 

and above appear to adversely affect the appetite, food conversion and growth of the 

species (Rowland 1995b). 

Table 1.1.5. Growth of silver perch reared in ponds at different seasons. 

Months Seasons Temperature Growth (g/d) Source 
May-September Winter ll.l-20oc o l Rowland (1995c) 
October-March Summer >20oC 2.3 (low density) Rowland (1995c) 
October-March Summer >20oC 2.1 (high density) Rowland (1995c) 

The silver perch fiy grew faster at a stocking density of 25,000/ha than at 

80,000/ha in earthen ponds (Rowland et al. 1994). When silver perch were reared at 

43,000 fish/ha, the aimual production figure was calculated to be 10.2 tonnes/ha 

(Rowland 1995d; Rowland et al. 1995). However, at higher densities, in particular 

during summer, the water quality may deteriorate resulting an increase of disease 

susceptibility (Rowland 1995d.). 

Performance of Silver Perch in tanks/cages 

McKinnon et al. (1996) obtained comparatively better growth and survival of silver 

perch in floating cages fixed in irrigation channels in integrated aquaculture-irrigation 

systems, while poor growth and survival resulted rearing the fish from cages fixed in 

tanks supplied with groundwater. The growth and FCR of silver perch was 

significantly lower in tanks than in earthen ponds (Rowland 1995c). Similarly, growth 

of B. bidyanus were found to be slower in aquaria compared to commercial ponds 

(Kibria e/a/. 1997a.). 
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Performance of Silver Perch in saline waters 

Silver perch can tolerate salinity as high as 15 ppt (Guo et al. 1995) and larvae hatched 

at 6 salinity showed better survival rate than those hatched in freshwater (Guo et al. 

1993). Ingram et al. (1996) reported a good survival and growth of silver perch when 

reared in cages at lower salinities of 8.0-15.3 ppt, whereas poor growth and survival 

resulted at higher salinities of 9.5-24.6 ppt. The growth and survival obtained at 

8.0-15.3 salinities were better than the growth and survival of similar sized fish reared 

in freshwater cages (Ingram et al. 1996). 

Information regarding other aspects of the aquaculture of 5. bidyanus has been 

provided in a number of recent publications as given in Table 1.1.6. 

Table 1.1.6 List of recent publications on silver perch aquaculture 

References 
Culture in farm dams Barlow (1995) 
Site selection & design of ponds for silver perch culture Ogbum et al. (1995) 
Artificial breeding of silver perch Thurstan & Rowland (1995) 
Fingerlings and market size silver perch production Rowland (1995c) 
Water quality criteria for silver perch Rowland (1995b) 
Diseases of silver perch Callinan & Rowland (1995) 
Artificial diets for silver perch Allan (1995); Allan & 

Rowland (1996) 

1.2 ZOOPLANKTON : BIOCHEMICAL COMPOSITION AND 
SIGNIFICANCE TO AQUACULTURE 

Zooplankton are the natural food of freshwater and marine fish and crustaceans. 

Practically all species of fish and prawn depends on zooplankton at one stage or 

another during their life span. Some species may feed exclusively on zooplankton 

during their entire life, for example, about 90% of the herring (Clupea harengus) food 

consists of zooplankton (Arrhenius and Hansson 1993). Success or failure in culturing 

of planktonivorous fish fry depends primarily on the zooplankton, their composition 
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and density (Geiger 1983; Fernando 1994). Zooplankton have been used to rear fry 

and larvae (De Pauw et al. 1981; Watanabe et al 1983) and as feed for species which 

normally do not accept artificial feed (Bryant and Matty 1980). Both live (Dabrowski 

1984; Alam et al. 1993) and frozen zooplankton (Brett 1971; Sargent et al. 1979) 

have been used for commercial and experimental aquaculture. Zooplankton are a 

valuable source of protein, amino-acids, lipids, fatty-acids, minerals and enzymes and 

could be an inexpensive ingredient to replace expensive fishmeal. There have been few 

studies on the chemical composition of zooplankton although such information is vital 

to evaluate a species and it's suitability in aquaculture (Watanabe et al. 1983; 

Millamena er a/. 1990). 

Biochemical composition of zooplankton 

Several researchers have demonstrated that the biochemical composition of 

zooplankton is attractive for aquaculture of finfish and crustaceans (Table 1.2.1, 

1.2.2). The average protein content of different zooplankton species are, Daphnia 

sp.63.32±10.3, Moina sp. 67.49±6.25, (Crustaceans : Cladocerans) and Brachionus 

sp. 62.03±3.42 (Rotifers), Cyclops sp. 63.98±13.31 (Copepods). There is a wide 

variation in crude fat content, which can be influenced by the nutritional input in the 

culture media. The lipid content in Daphnia sp. is in the range of 4.5-23.6% whereas in 

Moina sp. it varied between l.l'i-ll.llVo (Table 1.2.1.). The biochemical composition 

in natural zooplankton varies seasonally (Khan and Qayyum 1971; Donnelly et al. 

1994) and could be affected by the level of nutrients in waters (Vijverberg and Frank 

1976). The protein, lipid and phosphorus contents in most zooplankton appear to 

satisfy the requirements offish (Table 1.2.1). The content of essential amino-acids 

(EAA) in zooplankton shows that it can match the EAA requirements of fish (Table 

1.2.2). This agrees with the findings of Yurkowski and Tabachek (1979) who reported 

that the essential amino-acids content of the cladoceran, Daphnia pidex, copepods, 

Diaptomus sp. and Cyclops sp. is equal to or greater than the amino acid requirement 

of Chinook salmon. Lysine and methionine are known to be the most limiting amino 
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Table 1.2.1. The relative amounts of moisture, protein, lipid, carbohydrate, ash, phosphorus and 
calcium expressed as percentages of the total organic matter in zooplankton used for aquaculture (dry 
matter basis). The nutrient requirement for omnivorous and carnivorous fish are also included for 
comparison [Legend : Mois=Moisture; CP=Crude protein; CF=Crude fat; CHO=Carbohydrate; 
P=Phosphorus; Ca=Calciimi]. 

Cladocerans 
Daphnia sp. 
Daphnia sp. 
Daphnia sp. 
D. magna 
D. magna 
D. magna 
D. pulex (natural pond) 
D. pulex 
D. pulex 
D. pulex (horse manure) 
D. pulicaria 
D. longispina 
D. obtusa 
D. hyalina 
D. carinata (sewage) 
Moina sp. (bakers yeast) 
Moina sp. (yeast+ manure) 
Moina sp. (poultry manure) 
M. micrura 
M. asutraliensis (sewage) 
M. micrura (chicken manure) 
Copepods 
Cyclops sp. 
C. vicinus 
C. sphacricus 
Diaptomus sp. 
D. gracilis 
D. castor 
Tigriopus japonicus (natural) 
T. Japonicus (yeast) 
T. Japonicus (Veast+chlorella) 
Calanus plumchrus 
Copepods (Sargasso sea) 
Copepods (Continental) 
Copepods (North Pacific) 
Rotifers 
Brachionus plicatilis (yeast) 
B. plicatilis (yeast+ chlorella) 
B. plicatilis (chlorella) 
B. plicatilis 
Euphausiaceas 
Krillmeal 
Krill meal 
Euphausia paciflca 
E. superba 
Euphausids 
Recommended dietary nutrient 
Omnivorous fisli 
Fry(0.05g) 
Fingerling (0.5-1 Og) 
Juvenile (10-50g) 
Carnivorous fish 
Fry(0.05g) 
Fingerling (0.5-lOg) 
Juvenile (10-50g) 

Mois. 

89.3 
-
89.3 
-
-
-
91.2 
94.0 
94.0 
89.8 
-
-
-
-
92.9 
87.2 
89.0 
87.9 
-
93.7 
-

-
-
-
92.4 
-
-
88.6 
87.2 
86.6 
89.0 
86.15 
87.00 
78.45 

90.8 
87.9 
86.4 
-

-
. 
82.0 
56.3 
80.50 

levels/or 

-
-
-

-
-
-

CP 

70.1 
45.0 
70.1 
68.0 
45-50 
56.3 
65.6 
50.0 
49.7 
66.8 
78.1 
75.6 
67.5 
69.4 
54.3 
68.55 
77.85 
59.12 
65.1 
64.8 
69.53 

69.3 
69.2 
73.2 
57.89 
76.0 
85.0 
71.00 
69.48 
67.16 
58.20 
51.25 
36.87 
56.87 

64.3 
63.7 
58.1 
56.92 

56.2 
41.8 
33.33 
10.7 
38.44 

fish 

42 
39 
37 

52 
49 
47 

CF 

13.07 
04.5 
13.07 
13.1 
-
10.7 
23.6 
16.66 
16.3 
20.9 
14.6 
12.2 
8.60 
24.3 
7.29 
22.13 
11.81 
27.22 
8.7 
7.73 
9.94 

14.8 
6.0 
18.5 
25.06 
9.4 
9.5 
22.80 
20.48 
23.81 
21.80 
-
-
-

15.1 
23.1 
27.4 
12.8 

9.2 
13.0 
27.77 
-
-

8 
7 
7 

16 
14 
14 

CHO 

-
-
-
17.9 
-
-
-
-
4.9 
-
7.30 
12.2 
23.9 
6.3 
27.1 
-
-
-
-
20.65 
-

-
24.8 
8.4 
-
14.6 
5.5 
4.38 
4.67 
3.73 
0.50 
-
-
-

-
-
-
16.68 

-
11.3 
-
15.0 
-

-
-
-

-
-
-

Ash 

6.53 
-
6.54 
-
-
-
-
20.0 
19.3 
-
-
-
-
-
11.3 
-
-
-
-
6.82 
6.80 

-
-
-
5.26 
-
-
0.79 
0.94 
0.97 
9.40 
-
20.50 
04.00 

10.9 
6.78 
6.62 
13.60 

15.9 
-
27.77 
2.0 
20.50 

-
-
-

-
-
-

P 

1.40 
-
1.46 
-
-
-
-
-
-
-
-
-
-
2.0 
1.14 
1.41 
1.1 
1.32 
-
1.11 
-

-
-
-
-
-
-
0.09 
0.16 
0.15 
-
0.75 
0.60 
-

1.11 
1.38 
1.54 
1.42 

2.08 
1.48 
1.61 
3.6 
1.05 

1.0 
0.9 
0.8 

1.0 
0.8 
0.8 

Ca 

0.19 
-
0.21 
-
-
-
-
-
-
-
-
-
-
-
-
0.08 
0.09 
0.16 
-
-
-

-
-
2.1 
-
-
-
-
-
-
-
-
-
-

0.16 
0.11 
0.15 
-

4.00 
-
2.57 
12 
-

2.5 
2.5 
2.0 

2.5 
2.5 
2.0 

Source 

1 
8 
11 
5 
16 
9 
6 
1 
2 
6 
5 
5 
5 
7 
10 
1 
1 
1 
4 
10 
14 

9 
5 
7 
1 
5 
5 
1 
1 
1 
15 
19 
19 
19 

11 
11 
11 
17 

5 
13 
1 

19 

18 
18 
18 

18 
18 
18 

l.Creswell (1993); 2.Yurkowski and Tabachek (1979); 3.Koops et al. (1979); 4.Tay et al. (1991);. 5. Blazka (1966); 6. Mims 
et al. (1991); 7.Vijverberg and Frank (1965); S.Anon (1996); 9.Aqua Company, U.K (personal contact); 10. Present study 
(chapter 4); 1 l.Watanabe et al. (1983); 12.Lukowicz (1979); 13.Hilge (1979); H.Alam et al. (1993); 15. Brett (1971).; 16. De 
Pauw efaZ. (1981); 17.Millamenaera/. (1990); 18.Creswell (1993 quoted from Tacon 1990); 19.Parsonsef aZ. (1984). 
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Chapter 1: General introduction 

-acids in feeds (Dabrowski and Rusiecki 1983; New 1987), although these two 

amino-acids are present in appreciable quantities in zooplankton studied (Table 1.2.2). 

There is a seasonal variation in the amino-acids content of zooplankton (Yurkowski 

and Tabachek 1979), moreover the trophic factor and taxonomic position could have 

an affect on the amino acids composition of zooplankton (Sadykhov et al. 1975). The 

fatty acids composition of zooplankton is influenced by the fatty acids composition of 

their diet (Watanabe et al. 1983; Proulx and Noiie 1985) and may change as the 

seasonal succession of phytoplankton species occurs (Jeffries 1970). The high ratio of 

unsaturated fatty acids to saturated fatty acids of zooplankton may denote that 

zooplankton is a high quality food for rearing of commercial fish larvae (Lokman 

1994). Both docosahexaenoic acid (DHA) and eicosaptaenoic acid (EPA) are present 

in considerable amounts in zooplankton (Lokman 1994) and these two fatty acids are 

essential for the growth and development offish (Kanazawa et al. 1979; Tucker 1992). 

However, Watanabe et al. (1983) reported that in some cases Daphnia sp. could be 

deficient of DHA whereas Moina sp. could be deficient in both DHA and EPA. An 

enrichment of zooplankters would improve the n-3 highly unsaturated fatty acid 

(HUFA) content of zooplankton (Watanabe et al. 1983; Tucker 1992; 

Femnandez-Reiriz, et al. 1993). Further information on lipids and the lipid classes of 

fi-eshwater zooplankton can be found in Cavaletto et al. (1989), Watanabe et al. 

(1983), Mims e/fl/. (1991). 

Performance of fish fed on zooplankton 

A faster growth rate was observed in Crayfish, (Cherax albidus) fed on live Daphnia 

sp. than fed on dry pellets (Jones et al. 1995a, 1995b); similarly, carp {Cyprinus 

carpio) and Atlantic salmon fed on zooplankton (Holm and MoUer 1984; Kamler et al. 

1992) performed better than those fed on formulated diets. LaBrasseur (1969) has 

established a high growth rate and good food conversion of Chum salmon 

{Oncorhynchus nerka) fed on live crustacean zooplankton. Watanabe et al. (1983) 
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Chapter 1: General intioduction 

reported an excellent protein efficiency ratio (PER) in rainbow trout fed with Daphnia 

sp. and Moina sp. Fish larvae in general, demonstrated a higher growth fed on hve 

zooplankton than on artificial diets (Dave 1989). 

Herring and trout oflfered fi^ozen calanoid copepods, Calanus finmarchicus 

assimilated more than 90% of the dry matter in zooplankton (Sargent et al 1979). Fish 

fed on fi-ozen zooplankton were healthier (Sargent et al. 1979), with good survival 

(Dabrowski et al. 1984) and growth compared to artificial dry diets (Fermin and 

Boliver 1994). However, a comparatively lower growth and feed efficiency was 

reported for sockeye salmon with fi-ozen zooplankton (Brett 1971), which according 

to author was unexpected. The protein efficiency ratio (PER) was also better with the 

krill meal (Koops et al 1979). Frozen zooplankton represents an excellent food source 

for hatchlings of white fish, carp, and lake char (Bryant and Matty 1980). 

Merits and demerits of using zooplankton 

Zooplankton are regarded as an important source of carotene. Fish fed on copepods 

and krill {Euphausia pacifica) were found to be more pigmented than on commercial 

feed (Sargent et al. 1979; Spenelli 1979), a characteristic important for marketing of 

salmonids. The flavour and texture of fish have been improved when fed with 

zooplankton (Spenelli 1979). Live zooplankton contains enzymes (amylase, proteases, 

exonuclease, esterase) which could play an important role in larval digestion 

(Munilla-Moran et al. 1990). Both live and frozen zooplankton are attractive to fish. 

Zooplankton enhances the metamorphosis of larvae (Fluchter 1980), are nutritious, 

tastier, and easily digestible; fiirthermore, the chilled and fi-ozen zooplankton floats and 

are therefore easily caught by fish (Tucker 1992). The carotenoid in zooplankton may 

have a positive effect on the growth of Atlantic salmon in the initial feeding phase 

(Torrissen 1984). The high contents of amino-acids (Dabrowski and Rusiecki 1983), 

enzymes (Horvath et al. 1979; Lauff and Hofer 1984) and water (Lemm 1983) in 

zooplankton are all positive qualities for start feeding (Holm and MoUer 1984). Free 
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amino acids are present in the fi-ozen fluid that surrounds the zooplankton and these 

constitute a powerfiil attractant and appetite stimulant for fish (Dabrowski and 

Rusiecki 1983; Meams 1986; Tucker 1992). 

Frozen zooplankton can release soluble material into the water through the 

fi-eeze-damaged cells. As a result a large percentage of firee amino acids could 

disappear fi-om the food material. Free and protein bound amino acids could be lost in 

this way fi^om zooplankton (Anon 1970; Grabner et al. 1981/1982) which may affect 

the gro-wth offish (Brett 1971). Rapid fi-eezing might avoid both soluble and insoluble 

organic loss fi-om fi-agmented pieces (Anon 1970). Pelleting the fi-eeze dried 

zooplankton could be an alternative method that reduces the rate of leaching (Grabner 

et al. 1981/1982). The high fibre content in some zooplankton may depress the 

digestibility of other nutrients (Koops et al. 1979). The sulphur amino acids 

(methionine & cysteine) in most zooplankton are not sufficient to meet the expected 

requirements offish (Yurkowski and Tabachek 1979; Dabrowski and Rusiecki 1983). 

Zooplankton are rich in essential amino acids and fatty acids and should be 

sufficient as a source of nutrients which are required by fish for optimum growth. The 

high mortality of the young fish is thought to be a result of a diet deficient in essential 

nutrients, specially lipids (D'Abramo and Lovell 1991). In this regard zooplankton 

could be an inexpensive food for growing fish. Two fatty acids, EPA and DHA, which 

are essential for the gro-wth and development of fish (Kanazawa et al. 1979) are 

present in zooplankton. Zooplankton are palatable and easy to handle. Zooplankton 

have been widely used for the rearing of larvae or fiy and most studies have shown that 

the fiy perform better when fed with live zooplankton than when fed with dry artificial 

diets (Dabrowski 1984; Dabrowski et al. 1984; Dave 1989). In larviculture, artificial 

diets may perform poorly due to poor digestibility (Dabrowski 1984; Lauff" and Hofer 

1984), deficiency of growth factors (Higgs et al. 1985), insufficient stimulation of 

feeding behaviour (Holm 1986) or pollution due to overfeeding (Dave 1989). The 
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zooplankton with a close to ideal biochemical composition (Watanabe et al. 1983) 

would therefore be a suitable first food for fish. Carotenoids in zooplankton may 

fiinction as an antioxidant in eggs and larvae (Tacon 1981) in addition to pigmenting 

the flesh. There is already some indication that fish meal can be replaced by 

zooplankton based meal (Koops et al. 1979) and fi-eshwater zooplankton {Moina sp.) 

could be a suitable substitute for expensive Artemia sp. (Alam et al 1993). However, 

fiirther research is needed on the development of zooplankton based dry diets (pellets) 

which could reduce the leaching of nutrients seen in fi-ozen zooplankton. Experiments 

on total or partial replacement offish meal by zooplankton meal could be another area 

for research. It is also essential to quantify the heavy metals, pesticides and levels other 

contaminants in fish fed on waste/sewage gro-wn zooplankton before using them at 

large scale. In summary, zooplankton whether live or fi-ozen constitutes a very usefiil 

supplements in the diets of farmed fish (Brett 1971). 

1.3 SOLID WASTE PRODUCTION FROM AQUACULTURE 

Solids waste is an important and basic measure of effluent quality. It is the major 

source of wastes in aquaculture (Cho 1993). Information on solid waste production are 

of paramount importance for waste management and the development of an 

ecologically sustainable aquaculture programme. The solid waste in aquaculture are 

waste feed (uneaten feed and fines), undigested feed (faeces), mucus, intestinal cells, 

bacteria and scales (PhiUips and Beveridge 1986; Beveridge et al. 1991; Cripps 

1993a,1993b; Costa-Pierce 1996; Cripps and Kelly 1996) (Figure 1.3.1). In general, 

the undigested starch fi-om grain by-product, and ash fi-om the animal bones are the 

main components of solid wastes fi-om aquaculture (Cho 1993). About half of the 

phosphorus and 10-23% of the nitrogen of the fish diet can be lost as solid waste i.e., 

via uneaten food and faecal pellets (Hall et al. 1992; Cho 1993). 
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FISH 

SOLID WASTE 

Respiration & Excretion 

rT 
I 

P.NH4 

CO2. NH3, P 
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Release of nutrients 

CO2, NH3, P 
EFFLUENTS 

Figure 1.3.1. A general flow chart of origin of solid waste and nutrients from feeding 
of fish in ponds. A significant amount of solid waste produce will be accumulated into 
pond sediments. The nutrients generates from respiration and excretion of fish and 
from sediments containing solid waste of aquaculture. Nitrogen is lost mainly as 
ammonia via gill excretion and phosphorus via faecal pellets (Source : Boyd & Tucker 
1995; Kibria ef a/. 1997b). 
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Factors related to solid waste production 

The amount of solid waste depends on the system of culture, type of feed and 

management practised (Beveridge et al. 1991). For example, there could be a variation 

in solid output between tanks and ponds (Albaster 1982; Beveridge 1984) and between 

and within cage farms (Bergheim et al. 1982). Furthermore, methods used in collecting 

and analyzing of samples may cause further variation (Merican and Phillips 1985). The 

major proportion of solid output occurs during summer in the temperate zone and 

during harvesting in semi-intensive ponds (Boyd 1978; IDA 1990; Costa-Pierce 1996). 

The solid waste output can rise by 100-200 times during tank cleaning (Bergheim et al. 

1982). The semi-intensive ponds produce environmentally insignificant amounts of 

solid waste both in temperate and tropical ponds (Boyd 1978; Edwards 1993; 

Schwartz & Boyd 1994) where the bulk of solid waste accumulates into the ponds 

sediments (Edwards 1993) (Figure 1.3.1). Factors such as, feeding rates (Merican and 

Phillips 1985; Liao 1970; Butz and Vens-Cappell 1982), digestibility of diet, food 

conversion ratio (FCR), pellet size, stocking densities, health of the fish, feeding 

schedules (Kilambi et al. 1976; Merican and Phillips 1985), and seasonal temperature 

(Kilambi et al 1976) can influence the quantity of solid output. In addition to the 

above, water quality, species, size of fish, season of culture, efficiency of production 

and harvesting schedules may fiirther influence the amount of solid wastes output 

(Boyd 1978; Bergheim et al. 1982; Merican and Phillips 1985; Beveridge 1987; IDA 

1990; Beveridge et al 1991; Schwartz & Boyd 1994). It was found that feed 

ingredients containing a high concentration of fibre, chitin and indigestible 

carbohydrate may increase the excretion of suspended solids (Lall 1991). Merican and 

Phillips (1985) found that feeding rate rather than fish size has been the most important 

determinant of solid waste production in rainbow trout. 

Relationship between solids and particle size 

The number of particles produced in solid wastes of aquaculture has been reported to 

be high, ranging fi-om 1833-1,880,000 particles/1 (Cripps 1993a). The nutrient 
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concentration (nitrogen and phosphorus) in suspended solids may be related to the 

particle size (Table 1.3.1.). The size of soUd particles produced depends upon species 

cultured, and size of fish, the amount of mixing and shear force in holding facilities 

(Muir 1982). 

Table. 1.3.1. Variation in the percentage of nutrients associated with the particulate fraction. 

Particle size (jim) Total nitrogen (TN) Total phosphorus (TP) Reference 
>0.45 26̂ 2 30 Foy & Resell (1991a) 
>0.45 20 25 Cripps (1995) 
>0.60 7-32 47-84 Bergheim ĝ  a/. 1993 

Nutrient in solid waste and the release of nutrients 

Merican and Phillips (1985) conducted extensive research on solid waste production 

and reported that solid waste from rainbow trout comprised 35.6% nitrogen and 

65.9% phosphorus. The results of others suggest about 20-30% nitrogen (Bergheim et 

al 1993; Cripps 1995) and 65%) phosphorus (Yarns 1981) in solid waste from 

aquacuhure. Ketola and Hariand (1993) stated that phosphorus concentration in solid 

waste output is influenced by the type of diet and the level of phosphorus in diet. 

Factors such as, feeding rate, feed composition and water temperature may determine 

the proportion of nutrients lost through solid waste (Foy and Rosell 1991b; Kelly et al. 

1994) (see also chapter 8 for nutrient content and the release of nutrients from solid 

waste). The nutrient leaching from solid waste to dissolved fractions depends on pH, 

temperature, ionic composition, nutrient concentration, flow of water and agitation of 

the water (Boersen & Westers 1986; Pontius 1990). 

Solid waste production 

Solid waste from cage culture could be substantial (Merican and Phillips 1985) and 

may account for 5-40% of the total food fed to fish (Phillips and Beveridge 1986). The 

feed loss from salmon and trout culture has been estimated to be 5-20%o. It has been 

reported that even in balanced feed, 15-20% of eaten food is indigestible (Asgard et al. 
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1986). Feed wastes with trash fish and moist diets are significantly higher than that of 

commercial dry diets (Warren-Hansen 1982) and consequently result in a higher soUd 

output (Warren-Hansen 1982). On the other hand extruded diets produced least solid 

waste output compared to fish fed on moist diets, the ratio of solid waste output 

between an extruded diet : solid waste was 1: 0.269%) and with moist diet ; sohd 

waste was 1 : 1.08% (Stewart 1997). 

Beveridge et al. (1991) calculated that faecal waste in salmonids, carp and 

shrimps are about 26-27%) of ingested feed whereas with catfish it is 41%. The faecal 

output in rainbow trout was reported to be 259 g dry matter/kg food fed. (Butz and 

Vens-Cappell 1982). The majority of research on aquaculture wastes has been 

conducted in temperate Europe and North America where reported solid waste 

production (kg/t fish produced) markedly varied, from 243 kg/t (Cho et al. 1991) to a 

higher figure of 2153 kg/1 (NCC 1990) (Table 1.3.2.). 

Table 1.3.2. Solid waste loadings (kg/tonne fish produced) from various aquaculture species. 

Species 
Salmonids 
Rainbow trout 
Rainbow trout 
Rainbow trout in cages 
Rainbow trout in tanks 
Trout 
Brown trout 
Species not mentioned 
Catfish 
Silver perch 

Solid waste 
289-2153 
290-655 
1350 
389 
259 
550 
243 
510.7±207.3 
2302 
284-549 

Reference 
NCC (1990) 
Phillips & Beveridge (1986) 
Solbe (1982) 
Merican & Phillips (1985) 
Butz & Vens-Cappell (1982) 
Warren-Hansen (1982) 
Cho ef a/. (1991) 
lOA (1990) 
Boyd & Tucker (1995) 
Present study (chapter 5) 

The suspended solids concentrations as effluents from fish farms are typically in 

the range of 3-14 mg/1. whereas data from shrimp farms appears to be much higher 

(Table 1.3.3). 
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Table 1.3.3. Reported suspended solids concentration in fish farm effluent. 

Country 

21EIFACfarm 
Norway 
Norway 
Sweden 
U.K. 
31 UK farms 
Demnark 
USA 
Thailand 

Species 

Trout & salmon 
Salmon 
Salmon 
-
-
Rainbow trout 
Rainbow trout 
Channel catfish 
Shrimp 

Suspended 
solids (mg/1) 
9.0 
3.0 
1.6-14.1 
6.9 
5.0-50.0 
11.1 
5-50 
>30.0 
30.0-190.0 

References 

Albaster (1982) 
Bergheim et al. (1991a) 
Bergheim ef a/. (1993) 
Cripps(1995) 
Muir (1982) 
Solbe (1982) 
Warren-Hansen (1982) 
Boyd & Tucker (1995) 
Phillips et al. (1993) 

Impacts of solid waste on the environment 

Solid waste discharged from aquaculture may cause depletion of dissolved oxygen and 

disappearance of natural fish species fi-om flowing rivers. Sludge worms, Tubifex may 

increase in numbers by actively feeding on organic sludge (solid matter) from the 

bottom. An increase in chironomid insects, snails numbers and high counts of protozoa 

and extensive algal growths could result in water bodies receiving suspended 

solids/organic matter (Connell 1993). By degradation, nutrients (nitrogen and 

phosphorus) fi-om solid waste are released (see equation 1 & 2 below) which might 

cause further deterioration of water quality and eutrophication of the receiving water 

bodies. 

1. Carbohydrate + protein + fat (organic waste) —> CH4 + HjO + NH 4̂ + N0"2+ organic P (with 
low dissolved oxygen supply) 

2. Carbohydrate + protein + fat (organic waste) —> CO2 + HjO + NO'j + VO'^^ (with high DOj 
supply) (Connell 1993). 

Suspended solids increase the water turbidity in rivers and prevents light 

penetration necessary for primary production (Connell 1993). High or prolonged solid 

loads can cause physical, mechanical and chemical problems to the environment 

(Cripps and Kelly 1996). It can smother the benthos, reduce water opacity and may 

clog the respiratory apparatus of fish. The nutrients in solid waste may sediment out 

and under certain conditions release the dissolved fractions and thereby increase the 
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nutrient pool of the environment (Kelly 1992; Ackefors & Enell 1994). It is the 

dissolved fi-actions which have an immediate effects on the water quality of the 

environment (NCC 1990; Kelly 1993). Indeed, the water quality of fi-eshwater bodies 

can be assessed based on the levels of suspended solids (Table 1.3.4). 

Table 1.3.4. Criteria for assessing water quality of freshwater based on suspended solids (OCE 
1988). 

Excellent 
Good 
Moderate 
Poor 
Degraded 

<30mg/l 
<35mg/l 
<40mg/l 
<60mg/l 
>60mg/l 

Changes in the water chemistry and an increase in ammoniacal nitrogen and 

phosphorus concentrations immediately downstream of the fish farms were reported 

(Alabaster 1982; Beveridge 1984; Munro et al. 1985; Phillips 1985; PhiUips and 

Beveridge 1986). Solid waste material enriches the sedimentary nutrients immediately 

beneath the cages (Kelly 1993). Apart from the above, the cage aquaculture could 

elevate the carbon, nitrogen and phosphorus levels of water bodies and may encourage 

high nutrient tolerant algal growth (eg. Cynobacteria) (Eley et al 1972; Kilambi et al 

1976; Hays 1980). This will ultimately affect the water quality and autotrophic food 

web. However, the impact of solid waste in ponds culture system could be minimal as 

static ponds has a tremendous capacity to assimilate organic waste and nutrients and 

consequently waste load from ponds are low (Edwards 1993; Boyd & Tucker 1995). 

For example, the nutrients released via solid wastes in ponds could be used up by 

phytoplankton and may return to the atmosphere as carbon dioxide, methane, 

ammonia, and nitrogen or adsorbed in the pond soil, or lost as pond effluents (Boyd 

and Tucker 1995) (Figure 1.3.1). 
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Reduction of solid waste 

Selection of diets with digestible ingredients and avoiding excess nutrients could be a 

simple means of reducing solid waste from aquaculture (Cho 1993). In this respect 

high nutrient-dense diets (HND) which are highly digestible and have a well balanced 

protein : energy ratios in diets would be most desirable for a sustainable aquaculture 

(Cho 1993). 

1.4 NITROGEN POLLUTION FROM AQUACULTURE 

Proteins are the main source of nitrogen and essential amino acids, and the most 

expensive energy source (Pillay 1990). Dietary protein supplied in aquaculture is used 

to fulfil the three basic needs : growth, maintenance and repletion of depleted tissues 

(Cowey and Sargent 1972; Jauncey 1982). To maximize the nutrient utilization and 

minimize the solid and soluble waste load, it is essential to provide the optimum level 

of protein to the cultured fish (Cho 1993). Generally, nutrients absorbed in excess of 

requirements may be excreted as ammonia and urea which is derived from the catabolic 

breakdown of protein (Beveridge and Phillips 1993). When food wastage is high and 

the nitrogen retention and assimilation are poor, a majority of nitrogen added to the 

culture system may ultimately pollute the environment (Handy and Poxton 1993). The 

aim of aquaculture should therefore be to provide sufficient nitrogen through feed to 

promote a good growth of stock. Feeding in excess of requirements is uneconomical 

and may deteriorate the water quality and therefore may imbalance the ecology of the 

receiving waters (Poxton 1992). 

There are three main ways that nitrogen pollution from aquaculture can occur, 

such as, overfeeding of fish /or feeding of fish at a time when they are not growing, 

feeding an unstable and highly soluble diet and feeding a diet of poor absorption and 

nitrogen retention or a combination of the above three factors (Handy and Poxton 
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1993). Ingested nitrogen may cause nitrogen pollution to the receiving waters fi"om 

direct gill excretion and through faecal loss (Figure 1.4.1.). The nitrogen pollution 

from ingested food can be less, if adequate nitrogen is absorbed by the gut and 

adequate absorbed nitrogen is retained by the tissues (Handy and Poxton 1993). 

Gill excretion 

The main excretory product in teleost fish is total ammonia nitrogen (TAN), which is 

formed in the liver and excreted across the gills (Smith 1929; Randall and Wright 

1987; Sayer and Davenport 1987; Ramnarine et al 1987; Kelly et al. 1994). The gill 

excretion represents about 80%)-90% of nitrogen losses from fish (Wood 1958; Sayer 

and Davenport 1987) and the faecal nitrogen loss accounts for 10-20%) (Fivlstad et al. 

1990). The other route of nitrogen loss is via uneaten feed or dust (Beveridge et al. 

1991; Bergheim and Asgard 1996; Kibria et al. 1997b) (Figure 1.4.1.). 

Hourly patterns of ammonia excretion 

The post-prandial excretion rate has been reported to be initially high before returning 

slowly to the pre-feeding level (Brett and Zala 1975; Kaushik 1980; Kaushik and 

OHva-Teles 1985; Ramnarine et al. 1987). When fish were offered two meals a day 

two peaks of excretion were observed in rainbow trout {Oncorhynchus myskiss) 

(Kaushik 1981) and in cod Gadits morbus (Ramnarine et al 1987). Rychly (1980) 

found that post-prandial nitrogen excretion was higher in the first meal than the second 

meal. Kaushik and Cowey (1991) reported that the amplitude and time of appearance 

of peaks can vary depending upon fish size, amount of nitrogen intake and water 

temperature. In general, the peak of ammonia excretion was found to be four hours 

after feeding sockey salmon and American eel (Brett and Zala 1975; Gallagher and 

Matthews 1987; Jarboe 1995). In the catfish, the highest TAN production occurred at 

3.5 hour and 2.5 hour after the first and second meals respectively (Jarobe 1995). 

44 



•*-• 

c 

nm
e 

o 
^ 
c 
O) 

o 
•w^ 
4-» 
(/) 

2 
c 
Ol O) 
o &. 
• ^ 
^^ 
c 
^ B 
^ 
b^ 

O) 
c 

T3 
0) 
CD 

»4— 

E 
o L_ 

H— 

0 
U . 

D 
^—t 

13 
O 
CO 
3 
D-
CO 

c 

og
en

 i 

'c 
»^ 
o 
c 

o 
»̂ -
o 
-c 
CO 

o 

5 
_o 
»4— 

"cO 
^ CD 
c CD 

O 

m 
c 
c 
'm 
E 

D 

in 



Chapter 1: General introduction 

Daily patterns of ammonia production 

The daily nitrogen excretion was found to be mainly related to the amount of nitrogen 

consumed by fish (Kaushik 1980) and feed composition (Johnsen et al. 1993). Johnsen 

et al. (1993) demonstrated that nitrogen excretion in fish were reduced with an 

increase of energy content and a decrease of protein content in the diet. This reduced 

ammonia excretion from 35 to 22 kg/t fish produced and faecal nitrogen loss fi-om 

11%) to 8%). It has been reported that when protein supply is in excess or the amino 

acid profile does not correspond to the requirement of the fish, the excess nitrogen 

supplied through feed will simply be excreted (Bergheim and Asgard 1996). 

Main factors related to ammonia excretion 

Ingested nitrogen and ammonia production 

The quality and quantity of the nitrogen intake are the most important factors 

determining the ammonia production. In fact, the higher the nitrogen ingestion by the 

fish, the more the ammonia and urea that is excreted (Savitz 1971; Savitz et al. 1977; 

Rychly 1980; Dosdat et al. 1995). A linear relationship was found between the 

nitrogen ingestion and ammonia excretion in rainbow trout (Nose 1971; Rychly 1980), 

while the relationship was linear or logarithmic m both trout and carp (Kaushik 1980). 

Dosdat et al. (1995) established a strong relationship between the ingested nitrogen 

and TAN for both hourly and daily ammonia excretion. 

Temperature and ammonia excretion 

Nitrogen losses have been shown to increase with increasing temperature (Jobling 

1981; Kaushik 1981). The postprandial excretion rate in rainbow trout was reported to 

be higher at 18°C than at 10°C (Kaushik 1981). Similarly, the Japanese flounder 

released more ammonia at 25°C than at lower temperatures in the order of 

25°C>20°C>16°C (Kikuchi etal 1995). The rapid increase oftemperature may stress 

the fish and therefore influence nitrogen intake, apparent digestibility of nitrogen 

compounds, and the excretion of nitrogen through branchial and urinary pathways. A 
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rise in temperature causes an increase in plasma ammonia concentration which in turn 

would increase the level of ammonia loss through renal/branchial paths (Pequin and 

Serfaty 1968). As a resuh both hourly and daily patterns of nitrogen excretion can be 

affected. (Kikuchi etal. 1995). 

Diet and ammonia excretion 

Dabrowski and Kaushik (1984) reported that the type of feed may affect the timing of 

excretion, for example, fish fed on live Artemia showed maximum excretion after two 

hours whereas for fish fed on a dry diet the peak of excretion was delayed for up to 

4-6 hours. A lengthening of the excretion period was also observed with a diet 

containing higher protein levels (Ballestrazzi et al 1994). The hourly excretion rate in 

the sea bass increased with increasing protein level and was not significantly different 

among the herring meal diets containing 44%, 49%) and 54% protein (P>0.05) 

(Ballestrazzi et al. 1994). The nitrogen excretion in fish is related to the amount of 

nitrogen ingested by fish (Kaushik 1980) and higher at higher feeding rates (Dosdat et 

al 1995) and higher protein level (Kaushik and Oliva-Teles 1985). This may 

demonstrate that the nitrogen excretion profile is a function of the ingested nitrogen. 

Other factors affecting in ammonia excretion 

Other factors that may influence the nitrogen excretion are : rearing conditions 

(Fromm and Gillette 1968; Olson and Fromm 1971; Sukumaran and Kutty 1977; 

Wilkie and Wood 1991), body weight (Jobling 1981; Kikuchi et al. 1995), species 

(Davenport et al 1990; Gershanovitch and Pototskij 1992), intra-species families 

(Gallagher et al. 1984; Kaushik et al 1984; Ming 1985), and physiologicaf status 

(Wiggs et al 1989). Additional factors include temperature (Speece 1973; Paulson 

1980; Jobling 1981; Clark et al. 1985; Beveridge and Phillips 1993; Kelly et al. 1994), 

pH, ambient dissolved oxygen concentration, life stage, protein level and protein 

utilization efficiency, exercise or activity state, group-effect, species, time of day 

(Maetz 1972; Brett and Zala 1975; Rychly and Marina 1977; Leid and Bratton 1984; 
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Preez et al. 1986; Davenport et al. 1990; Paul et al 1990; Cai and Summerfelt 1992), 

feeding rate, and stocking density (Rowland 1996). In summary, nitrogen excretion 

increases with increasing protein level (Ballestrazzi et al. 1994; Lanari et al. 1995a) 

and temperature (Jobling 1981) and decreases with high energy or extruded diets 

(Lanari et al 1995b) or when protein:energy ratio in diet is optimum (Gallagher and 

Matthews 1987). A single factor or a combination of the above factors may make a 

result in a change in ammonia excretion. 

Faecal loss of nitrogen 

Iwata (1970) found a direct relationship between the nitrogen intake and faecal 

nitrogen release in crucian carp, Carassius auratus. Fish fed on a higher nitrogenous 

diet also had faeces of higher nitrogen content (Ogino et al 1973a). Kaushik (1981) 

reported that the faecal nitrogen loss was higher at a higher temperature. Similarly, 

when flounder, {Paralichthys olivaceus) were reared at 16°C, 20°C and 25°C, the 

faecal nitrogen loss was proportionately higher at higher temperatures (Kikuchi et al 

1995). The reported faecal nitrogen lost from fish is in the range of 5.5%o to 15.7% of 

nitrogen intake (Kaushik 1980; Porter et al. 1987; Beveridge and Phillips 1993). In 

general, the faecal nitrogen loss could be one-third of nitrogen excreted by fish (Porter 

et al 1987). The nitrogen assimilation efficiency is inversely related to the faecal loss 

of nitrogen, a lower nitrogen assimilation efficiency could elevate the faecal nitrogen 

output many fold (Table 1.4.1). 

Table 1.4.1. The relationship between the assimilation efficiency and faecal nitrogen excretion. 

Common name 

Atlantic salmon 

Atlantic salmon 

Atlantic salmon 

Turbot 

Turbot 

Turbot 

N2 assimilation 
efficiency (%) 
68 

95 

99 

68 

95 

99 

Faecal excretion 
(mgN 
17.49 

02.73 

00.54 

04.62 

00.72 

00.14 

kg-1 h-1) 
Reference 

Santos & Jobling (1991) 

Santos & Jobling (1991) 

Santos & Jobling (1991) 

Bromley (1987) 

Bromley (1987) 

Bromley (1987) 
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Nitrogen retention in fish 

The amount of nitrogen retained in the carcass can be a useful means of evaluating a 

diet and the nitrogen retention efficiency of a fish (Brown et al. 1993). Three factors 

appears to play a significant role in nitrogen retention in fish. These are - diet, 

temperature and body weight of fish. The simple, most accurate and economical way 

to quantify the nitrogen retention in fish is to analyse the carcass using known 

biological and nutritional procedures (Cho 1993) (equation 1) and through a nitrogen 

balance equation (Rychly 1980; Hall et al. 1992) (equation 2). The nitrogen balance is 

determined from the proportion of nitrogen absorbed into the tissues (nitrogen 

retention) from the food and the metaboHc output (nitrogen loss). 

Equation 1 : N retention = [{final body nitrogen - initial body nitrogen} x 100 / total dietary 
nitrogen supplied] (Brown et al. 1993). 

Equation 2 : N balance = N consumed - N retained - N excreted - Faecal N (Hall et al. 1992). 

The average nitrogen retention efficiency in fish carcass is 35.4%). It is evident 

therefore that more than 60%) of nitrogen fed to fish is lost through gill excretion or 

faeces (Table 1.4.2). 

Table 1.4.2. Nitrogen balance (N retention and N losses) in fish fed on artificial diets. 

NGAIN [ 

N retained Dissolved N 

27.8% 
49.1% 
36.0% 
48% 
20.8% 
~ 
36.8% 
45.0% 
24.7% 
36.0% 
23.44% 
28°o 
43.1% 
29.4»'o 

56.48% 
37.3% 
-
-
48.74% 
78% 
28.1% 
32.1% 
60.3% 
54.3% 
42.20% 
48% 
52.0% 
61% 

- NLOSS ] 
Faecal N Uneaten N 

15.74% -
13.5% 
-
-
30.50% -
22% 
35.0% 
22.9% 
15% 
-
14.40% 20.0% 
23% 
5.6% 

9.86 

Diet 

ns' 
HED2 
Pellet 
Extruded 
Dry diet 
ns 
Dry diet 
Dry diet 
ns 
Dry diet 
ns 
Dry diet 
Dry diet 

Dry diet 

Species 

-
-
Rainbow trout 
Rainbow trout 
Rainbow trout 
Salmon 
Rainbow trout (15.7°C) 

Rainbow trout (21.5°C) 

-
Rainbow trout 
Tilapia 
Rainbow trout 
Silver perch (25°C) 

Silver perch (30°C) 

Reference 

Ackefors & Enell (1994) 
Johnsen ef a/. (1993) 
Lanari era/. (1995a) 
Lanari era/. (1995a) 
Phillips & Beveridge (1986) 
Enell (1995) 
Oliva-Teles & Rodrigues (1993) 

Oliva-Teles & Rodrigues (1993) 

Hakanson er a/. (1988) 
Gomes era/. (1993) 
Beveridge & Phillips (1993) 
Hall era/. (1992) 
(present study) (chapter 6) 

(present study) (chapter 6) 

'ns = not stated; ^HED = High energy diet. 
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Factors affecting nitrogen retention efficiency 

Effect of diet on nitrogen retention 

The diet and its composition is the most important factor determining the efficiency 

nitrogen retention in fish. Rainbow trout fed on an extruded diets retained 46-49% of 

dietary nitrogen compared to 35-36.5%) retained when fed on normal diets of the same 

protein value (Lanari et al. 1995a). Diets containing high levels of raw starch or 

materials with low digestibility generally have a low nitrogen assimilation efficiency 

(Jobling 1986). Lanari et al. (1995a) demonstrated that the diet which resulted in 

better relative growth rate and food conversion ratio also resulted in better nitrogen 

retention in rainbow trout. 

Effect oftemperature on nitrogen retention 

Rainbow trout utilized diet more efficiently at 21°C than at 15.7°C suggesting that at 

the higher temperature there was better digestibility and nitrogen retention (Kaushik 

and Oliva-Teles 1985). An improved diet digestibility at higher temperature was also 

reported by Choubert et al. (1982). However, Cho & Slinger (1979) and Luquet & 

Fauconneau (1979) did not find any affect oftemperature on diet digestibility. 

Effect offish size and growth rate on nitrogen retention 

Nitrogen retention can vary with the size offish (Pandian 1967; Gerking 1971) or the 

growth rate (Brown et al. 1987). Adult fish with low growth rates may retain 15-20%) 

of the absorbed nitrogen, whereas the rapidly growing fish can retain 40%) of nitrogen 

supplied in diet (reviewed by Handy and Poxton 1993). 

Impacts of nitrogen loading on the environment 

Nitrogen is one of the primary limiting nutrients in fi-eshwater (Kelly et al. 1994) and 

the marine environment (Ryther and Dunstan 1971; Makinen 1991; Kelly et al. 1994; 

Brodle 1995). Nitrogen from fish farm effluents may enter into an environment in 
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different nitrogenous forms (Table 1.4.3.) such as ammonia, total organic nitrogen, 

total nitrogen, nitrite, and nitrate (Erskine and Saynor 1995). 

Table 1.4.3. Specific nitrogen loadings of feed-derived compounds 

TN TAN TON Reference 
Scotland (g/kg/d) 
Norway (g/kg/d) 
Norway (g/kg/d) 
Norway (mg/1) 
Norway (mg/1) 
Sweden (mg/1) 
N. Ireland (mg/1) 
U.K.(mg/l) 
Denmark (mg/1) 

0.17-7.2 
0.17-0.81 
0.29-0.49 
0.5 
0.43-0.70 

0.70 

0.531 

0.5-5.0 

3-20 

0.07-5.5 
0.05-0.09 
0.15-0.18 
-
-
-
-
-
. 

0-0.46 Hennessy erai. (1991) 
Bergheim etai (199Ih) 
Ber^eimetai (1991b) 
Bergheim etaL (\99la.) 
Bergheim et al. (1993) 

Cripps (1995) 

Foy and Rosell (1991a) 

Muir (1982) 

Warren-Hansen (1982) 
TN = total nitrogen; TAN = total ammonia nitrogen; TON =total organic nitrogen. 

Studies conducted in temperate regions have revealed that an abundance of nitrogen in 

aquatic system caused a toxic effect upon resident biota (Carr and Goulder 1990a, 

1990b; Foy and Rosell 199la, 199lb), stimulated primary production (Makinen 1991) 

and resuhed in eutrophication of coastal waters (Ryther and Dunstan 1971). An 

abundance of nitrogen increased seagrasses, phytoplankton, benthic algae, epiphytic 

algal overgrowth, and encouraged the growth of toxic algal species, such as, 

Chrysochromulina polyplepis and Phaeocystis pouchetti (Cambridge et al. 1986) in 

marine waters which caused an offensive odour and resulted in the occurrence of slimy 

water (Lancelot etal 1987). Wu et al (1994) reported a decrease in dissolved oxygen 

and an increase in ammonia level of marine environment received fish farm effluents in 

Hong Kong. Nutrient discharged from cages or land-based farms changed the benthic 

environment (Merican & PhiUips 1985) resuhing in the losses of benthic invertebrates 

(Brown et al 1987). Much of the nitrogen lost was utilized by either phytoplankton 

(Krom et al 1989) or deposited in the culture system into sediment. The percentage of 

nitrogen deposited into sediments is reported to be around 30.4%) (PhiUips & 

Beveridge 1986), and 15.7% (Ackefors & EneU 1990). The nitrogen loading fi-om 

aquaculture is in the range of 68-211 kg/t fish produced (Table 1.4.4.). 
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Chapter 1 : General introduction 

Table 1.4.4, Nitrogen loadings (total nitrogen) per tonne offish production per year 

Country 

Nordic country 
Norway 
Denmark 
Poland 
Sweden 
Europe 
Europe 
U.K 
UK 
Scotland 
Scotland 
Scotland 
Japan 
Japan 
Japan 
Thailand 

Species 

Salmon 
-
Rainbow trout 
Rainbow trout 
Rainbow trout 
Marine fish 
-
Rainbow trout 
Salmonid 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Yellowtail Cages 
Yellowtail 
Bream 
Marine shrimp 

Culture Diets 
system 
Cages 
-
Ponds 
Cages 
Cages 
-
-
-
-
Cage 
-
Cages 
-
Cages 
Cages 
-

-
Dry feed 
Moist diet 
Dry feed 

-
Dry diet 
-

-
Dry feed 

-

TN/t 

78 
95-102 
75 
90 
81 
190 
108.4+47.3 
103.8 
123 

83-104 
99 
68 
109 
211 
102.3 

Reference 

EneU (1995) 
Hall era/. (1992) 
Warren-Hansen (1982) 
Penczak et al. (1982) 
EneU & Lof (1983) 
Handy & Poxton (1993) 
IOA(1990) 
Phillips & Beveridge (1986) 
HRPB(1987) 
Merican & Phillips (1985) 
NCC (1990) 
PhiUips (1985) 
Watanabe (1991) 
Watanabe (1991) 
Watanabe (1991) 
Briggs & Funge-Smith (1994) 

An intensive system can generate 7-31 times more nitrogen load than a 

semi-intensive system (Edwards 1993). In the semi-intensive system, a significant part 

of unutiHzed nutrient is lost in the pond sediment (PuUin 1989; Bergheim and Asgard 

1996) (Table 1.4.5.). 

Table 1.4.5 Fate of nitrogen in semi-intensive and intensive aquaculture system (Edwards 1993) 

% N removed 
by fish 

% N released 
to environment 

% N accumulated 
in sediments 

Semi-intensive 
Intensive 

11-15 
21-53 

2-6 
47-49 

83 
0 

Reduction of nitrogen loading from aquaculture 

In order to reduce the nitrogen loading from aquaculture, a better food conversion 

ratio is essential. A reduction in nitrogen excretion in yelloAvtail and red sea bream was 

achieved as a result of better food conversion ratio (Watanabe 1991). To minimize the 

nutrient load to the environment, an FCR of 1.0-1.2 is highly desirable (Cowey and 

Cho 1991). It has been suggested that improved feed quality and feeding techniques 

are the primary factors for the reduction of nitrogen pollution from aquaculture 

(Eikerbrokk et al. 1991; Jensen 1991). High energy diets are known to increase the 

utilization of nutrients and as a consequence reduce the solid waste and nutrient load in 

the water (Johnsen and Wandsvik 1991). Nevertheless, extrusion is generally believed 
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to be a valid means of reducing nitrogen and phosphorus discharge from aquaculture 

(Table 1.4.6.) and this favourably improved growth rate, feed utUization and gross 

protein retention in rainbow trout (Lanari et al 1995a). Furthermore, diets with 

optimum carbohydrate and protein levels may improve the nitrogen retention in fish 

(Alsted and Jokumsen 1989; Johnsen and Wandsvik 1991; Johnsen et al. 1993; 

HiUestad and Johnsen 1994; Bergheim and Asgard 1996). 

Table 1.4.6. Effect of fat content on FCR and nitrogen loadings in rainbow trout 

Diet Av. fat content Av. FCR Av. nitrogen Source 
in diet (%) obtained load (kg/t) 

Normal pellet 20.45 1̂ 25 4X8 Lanari ef a/. (1995a) 
Extruded diet 28.0 0̂ 89 26̂ 6 Lanari g/a/. (1995a) 

The type of diet fed to fish could determine the amount of nitrogen load 

expected, for example, Japanese yeUowtail fed on a moist-pellet reduced nutrient load 

by 50% compared to a diet of raw fish. When fish were fed on dry peUets the nitrogen 

excretion was reduced by another 25% (Watanabe 1991). The dry pellet used in 

Sweden resulted in good food conversion and low nutrient losses in comparison to 

moist food types (Persson 1988). 

Nutrient load can also be minimized by controlling the feeding regimes. At 

restricted feeding {ad lib), nutrient load could be lower since restricted feeding gives a 

higher nitrogen assimilation efficiency to fish (Usher et al. 1990). The lowering of 

nitrogen content in feed may be another alternative for reducing the nitrogen load into 

the effluent water (Handy and Poxton 1993; Lanari et al. 1995b.). Furthermore, 

alternate feeding of high and low protein diets may reduce nitrogen load with 

substantial savings of feed cost (De Silva et al. 1993). In Nordic countries nitrogen 

content in feed has been decreased from 7.8% (1974) to 6.8% (1994) by legislation 

which resulted in a reduction of 58% of nitrogen pollution from aquacuhure with a 

consequential improvement of food coefficient (EneU 1995) (Figure 1.4.2.). 

53 



^ 

c 

O 
o 

c 

o 

^ 

o Os 

ON 

r-ON 

^ 
0 0 

â  
G> 
0 0 
OS 

^ 
ON 
0\ 

Year 
Figure 1.4.2. Reduction of Nitrogen content in fish feed by Nordic 
countries during 1974 to 1994. This has resulted in a reduction of 
nitrogen pollution by 58% with an improvement of feed coefficient 
(data from Enell 1995). 
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The main food wastage in aquaculture appears to be due to a mismatch of farming 

practice and not giving due consideration to the feeding behaviour and nutritional 

physiology of the species being cultured. Many fish species show feeding periodicity 

(Hall 1987; Sagar and Glova 1988), therefore feeding time should be matched to the 

time of maximal appetite. Some species feed exclusively during the day (haddock), 

some mostly at dusk (dab) (Hall 1987), and some feed continuously provided the 

stomach remains partly empty (Smith et al. 1989). Since optimum growth can be 

achieved below the maximum ration level (Brett and Groves 1979), the practice of 

avoiding the satiation ration can be appUed to reduce the nitrogen pollution. 

The uneaten food fraction is the one of the path of nitrogen wastage from 

aquaculture contributing 1-30%) of food wastage (Beveridge et al. 1991). Food 

dispersion by automatic feeders may result in wastes up to 40.5%) of food offered 

because the food is localised, resulting in a few dominant aggressive fish overfeeding 

close to the dispenser (Thorpe et al. 1990). Hand feeding minimizes wastage in 

salmonid culture and therefore may reduce the nutrient load (Beveridge et al. 1991). 

Polyculturing of fish rather than monoculture may save food wastage and reduce 

nitrogen pollution as leftover food from feeding a single fish could be consumed by 

bottom or column feeding fish. Avoiding feeding immediately after a stressful 

treatments, such as handling, or the administration of therapeutants could further 

reduce nutrient loads (Poxton 1992). 

Some commercial feeds have a tendency to dissolve rapidly in water resuhing 

in the instantaneous release of nutrients from sohd waste. Pelleted feeds are relatively 

stable in water and therefore may reduce nutrient release to the environment (Hihon et 

al 1981; Jayaram and Shetty 1981). Feed can be manufactured according to the 

feeding behaviour offish, a floating pellet (extruded pellets) can be offered to a surface 

feeder and a sinking pellets (compressed pellets) to a column or bottom feeder (Hardy 

1989). The disintegration of pellets can be delayed by coating or encapsulating the 
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food in agar, alginate's, or synthetic materials. (Hardy 1989), Use of less dust feed, 

higher feeding fi-equency, and feeding according to appetite would reduces food 

conversion by at least 0.4 units and consequently reduces nutrient loss (Persson 1988). 

Quantification of nitrogen excretion in fish is of importance as it may indicate 

the amount of nitrogen that is released into the environment (Handy and Poxton 1993). 

Moreover, data on nitrogenous waste production helps to improve the dietary protein 

utilization offish (Kaushik et al 1984). MetaboUc loss such as ammonia excretion is a 

valuable means of evaluating a diet and its ingredients (Brett and groves 1979). 

Research on the improvement of nitrogen utilization and simultaneous reduction of 

nitrogen loss is highly desirable for the development of sustainable aquaculture (Cho 

1993). From this perspective, it is essential to identify the optimum protein 

requirements of a species that wiU assure a higher growth and a lower nitrogen waste 

to the environment. It is, however, clear that nitrogen load from aquaculture is minimal 

(4-13%) compared to agriculture and other point source (Table 1.4.7). 

Table 1.4.7. Pollution (Total nitrogen) loading rates from various sources in different countries 
compared to aquaculture 

Polluter Coimtry Total N TN/TP Reference 
Agriculture (t/d) Japan 
Domestic wastes (t/d) Japan 
Industrial effluents (t/d) Japan 
Aquaculture (t/d) Japan 
Aquaculture (as % of the total) 

Forestiy (t/y) Finland 
Industry (t'y) Finland 
Aquaculture (t/y) Finland 
Aquaculture (as % of the total) 

5.59 
3.56 
0.60 
1.49 
13% 

505.5 
3340 
240 
4% 

18.03 
10.47 
1.82 
5.51 

6.6 
32.6 
4.0 

Watanabe (1991) 
Watanabe (1991) 
Watanabe (1991) 
Watanabe (1991) 
Watanabe (1991) 

FNBW(1981) 
FNBW(1981) 
FNBW(1981) 
FNBW (1981) 

t/d = tonne per day; t/y = tonne per year. 
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1.5 PHOSPHORUS POLLUTION FROM AQUACULTURE 

Phosphorus is an essential element for living organisms and exists in streams and other 

water ways as dissolved and particulate forms (Welch and Lindell 1980). Phosphorous 

is required for optimum growth, feed conversion efficiency, bone development and 

maintenance of acid-base regulation, lipid and carbohydrate metabolism of fish (Lovell 

1978; Cowey and Sargent 1979; Lall 1989; Ketola and Richmond 1994). Growth and 

food conversion has been positively correlated with the dietary levels of phosphorus in 

fish (Shim and Ho 1989) and fish receiving a low phosphorus diet showed the poorest 

growth, gain in weight (Shim and Ho 1989) and depressed appetites (Lovell 1978). 

Dietary phosphorus is the main source of this element for fish (Nose and Arai 1978) 

since phosphorus concentration in natural waters is low (Boyd 1971; LaU 1991) and 

the rate of absorption from water is also low (PhiUips et al. 1956). Fish must 

effectively absorb, mobilize and conserve phosphorus in order to meet the 

requirements for growth and metaboUsm, (Lall 1991). 

The presence of high concentrations of phosphate in water is often an 

indication of pollution as it may accelerate plant growth (Beveridge 1987), and disrupt 

the aquatic ecosystem thereby benefiting certain species and altering species diversity 

in affected areas (Anon 1987, OCE 1988). Eutrophication of water bodies is of̂ en 

correlated with the phosphorus loading into the environment (Kaushik 1992) and 

aquaculture has been identified as one of the sources of phosphorus pollution (EPA 

1995). Details of the impacts of eutrophication is given in Bernhardt (1981). Studies in 

Europe and Northern America have revealed a phosphorus surplus in most commercial 

feed above actual requirements (Tacon and De Silva 1983; Beveridge 1987) or is 

supplied in a form which is unavaUable to the fish (Beveridge 1987). Discharge of 

phosphorus from fish farms and hatchery effluents have caused phosphorus pollution in 

Nordic countries. North America and Europe (Bernhardt 1981; Albaster 1982; 

Beveridge 1984; EneU 1987; Folke and Kautsky 1989; Ketola 1990; Bratten 1991; Foy 

andRoseU 1991b; LaU 1991). 
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Digestibility and bioavailability ofphosphorus 

The digestibUity and bioavailability of phosphorus to fish differs among feed 

ingredients and inorganic phosphorus supplements (Lall 1991) and is influenced by 

chemical form, digestibility of diet, particle size, interaction with other nutrients, feed 

processing and water chemistry (Lall 1991). The more soluble the salt, the higher the 

avaUability of phosphorus. Salmonids utilize phosphorus from fishmeal more 

effectively than do carp or tUapias (Ogino et al. 1979; Watanabe et al. 1980). This is 

probably linked to the limited secretion of gastric juices by warmwater species (Yone 

and Toshima 1979; Ogino et al 1979). The phosphorus requu-ement for fish is in the 

range of 0.3-0.8% (Table 1.5.1). 

Table 1.5.1. Reported phosphorus requirements of various species. 

Species 
Rainbow trout 
Chaimel catfish 
Charmel catfish 
Carp 

% Phosphorus in diet 
0.7-0.8 
0.8-1.0 
0.45 
0.5-0.6 

Reference 
Ogino & Takeda (1978) 
Ogino & Takeda (1978) 
Lovell (1978) 
Watanabe er a/. (1980) 

Path ofphosphorus loss 

Feed is the main source of phosphorus loadings from aquaculture to the environment 

(Ketola 1990; Seymor and Bergheim 1991). There are a number of ways in which 

phosphorus can be lost during aquaculture operation, losses of phosphorus can occur 

through feed fines, uneaten food, faeces, dead fish and excretion (Forster and 

Goldstein 1969; Nakashima and Leggett 1980; Beveridge 1987) (see also Figure 

1.5.1.). The main loading ofphosphorus to the environment was reported to be via 

faecal pellets (Solberg and Bregnballe 1982; EneU 1987; Kristiansen and Hessen 1992; 

PiUay 1992; Kibria et al 1997c accepted). It is reported that of the total phosphorus 

loss from aquaculture, 77% is in particulate form as faeces and 23% in dissolved form 

(EneU 1987; Ackefors and Enell 1990; EneU and Ackefors 1991; Cho 1993). The 

particulate form (faeces) settles on the bottom of the tank or accumulates in the 

sediment and is gradually released in a soluble form during anaerobic and other related 
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Chapter I : General introduction 

biological processes (Lall 1991) (see also Figure 1.3.1) The soluble form is lost 

through urine in the form of phosphate (Lall 1991; PUlay 1992). The soluble fraction is 

referred to as either dissolved inorganic phosphorus or orthophosphate or soluble 

reactive phosphate. It is the dissolved fraction that is the most assessable form for the 

growth of plants (Bostrom et al. 1988a; 1988b). 

Factors affecting the phosphorus excretion 

Phosphorus excretion in fish is affected by both temperature and diet. For mstance, in 

noble crayfish {Astacus astacus), the phosphorus excretion rate doubled when the 

temperature increased from 15°C to 20°C (Kristiansen and Hessen 1992). An elevated 

excretion of phosphorus was also found at higher temperatures in bluegill sunfish 

(Savitz 1971). A comparatively higher phosphorus excretion was reported in noble 

crayfish fed on a diet rich in protein and fat (Kristiansen and Hessen 1992). Seabass 

when fed on com gluten based diets, had significantly lower phosphorus excretion in 

comparison to herring meal diets (Ballestrazzi et al. 1994) and this may be related to 

the lower phosphorus content in com gluten. Lall (1991) reported that both the quality 

and quantity of food fed may determine the amount of phosphate excreted by fish. The 

dissolved phosphoms excreted by fish is one of the end products of carbohydrate, lipid, 

nucleoprotein and phospho protein metaboUsm (Cho 1993). The form of phosphoms 

consumed by fish will affect the amount of soluble and particulate phosphoms excreted 

(Lall 1991). 

The peak of phosphate excretion is related to feeding and activity periods and 

can vary cycUcally (Hennessy et al. 1996; Kibria et al 1997c accepted). A rapid 

increase in orthophosphate excretion was recorded soon after the feeding of trout, and 

this decreased and reached prefeeding levels within six hours (Solberg and Bregnballe 

1982). 
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The food conversion ratio (FCR) can play a significant role in determining the 

level of phosphoms pollution expected since an increase in FCR value from 1.0 to 1,5 

may increase pollution load to about 86%) for total phosphoms (Storebakken and 

Austreng 1987a and 1987b). Therefore, improvement of FCR is vital to reducing 

phosphoms pollution from aquaculture. In addition, digestibUity of feed, nutrient 

content of diet, the protein : energy ratio in the feed, and the feeding technique may 

influence the feed coefficient and phosphoms load from aquaculture (Enell 1995). 

Phosphorus retention 

Phosphoms retention can be affected by the source of phosphoms into the diet. For 

example, monobasic calcium phosphate and monobasic sodium phosphate were found 

to be highly digestible and resulted in the highest phosphoms retention in channel 

catfish while retenfion from corn and wheat middlings was lowest (Table 1.5.2.). 

Tablel.5.2. Effect of the source ofphosphorus on net phosphorus retention by channel catfish. 

Materials 

Monobasic calcium phosphate 
Monobasic sodium phosphate 
Dibasic calcium phosphate 
Fishmeals 
Com and wheat middlings 
Soybean meals 

Net P retention 
94% 
90% 
65% 
40% 
25-28% 
5-54% 

Reference 
Lovell (1978) 
Lovell (1978) 
Lovell (1978) 
Lovell (1978) 
Lovell (1978) 
Lovell (1978) 

The supplementation of fish feed with phytase reduced phosphoms excretion 

and improved phosphoms retention in carp (Schafer et al. 1995). Phosphoms retention 

was found to be significantly higher in trout and sunbass with a decreased level of 

dietary phosphoms content (Brown et al 1993; Ketola and Richmond 1994). Nose 

and Arai (1979) reported that phosphoms from nonskeletal sources is highly avaUable 

to fish. Few data however, are avaUable on phosphoms retention in fish, but these 

limited data show that phosphoms retention in fish ranged from 14%-87% (Table 

1.5.3). 
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Table 1.5.3. Phosphorus retention in different fish species 

Species 
Salmon 
Rainbow trout 
Rainbow trout 
Sunshine bass 
Sunshine bass 
Carp 
Coho salmon 
Chaimel catfish 
Silver perch 

P retention (%) 
14-22% 
64-68% 
33% 
69-87% 
40-50% 
30.4-47.1% 
14-22% 
39-40% 
24.5%)-49.1%, 

P in feed /source 
-
-
-
0.34-0.54% 
0.64-1.04% 
0.73-1.16 
-
Menhaden & anchovy meal 

1.16%-1.31% 

Reference 
Ketola (1975) 
Ogino & Takeda (1978) 
Ketola and Hariand (1993) 
Brown et al. (1993) 
BxQvmetal. (1993) 
Schafer ef a/. (1995) 
Ketola e/a/. (1991) 
Lovell (1978) 
Present study (chapter 7) & 
Kibria et al. (1997c accepted) 

Phosphoms retention efficiency varies according to species, feeding habits, 

diet, growth rates and amount of phosphoms in the diet (Ketola et al 1991; Ketola 

and Richmond 1994) and the amount of phosphoms retained by fish can be calculated 

by the following equation : 

Equation for phosphorus retention : 

P retention = [(final body phosphorus - initial body phosphorus) x 100 / total dietary phosphorus 
supplied] (Brownera/. 1993) 

The Phosphoms discharge/phosphoms pollution load to the enviroimient can 

be estimated from data on retention in fish carcass (Ketola 1990). It is equal to the 

difference between what is added by the feed and what is utilized for fish production 

(Hakanson et al. 1988; Foy and RoseU 1991a). In order to determine the phosphoms 

retention in the carcass, growth, survival and feed conversion data must be determined 

initially. Next, phosphoms concentration must be analyzed in feed, fish carcass, 

uneaten food and faeces. Finally the amount of soluble and particulate phosphoms 

discharged in water should be determined using the following phosphoms balance 

equation: 

Equation for phosphorus balance : 

P balance = Amount of P fed - P retained in carcass - P in faeces - P in uneaten feed (Ketola and 
Hariand 1994). 

Table 1.5.4. gives an account of phosphoms retention and path of phosphoms 

loss from aquaculture of different species. It shows that the main path of phosphoms 
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loss in aquaculture is via faeces, therefore it is essential that the digestibility of 

phosphoms is improved to reduce phosphoms pollution from aquaculture. 

Table 1.5.4. Phosphorus retention and phosphorus losses in fish (as feed fed basis). 

P Retention 
40.8% 
. 
34.7% 
45% 
36.4% 
14.6% 
30% 
49.1% 

[—Path of P loss ] 
Faecal P 
39.2% 
77% 
-
-
54.5% 
58.80 
70% 
33.6% 

Non-faecal P 
22.1% 
23% 
-
-
9.1% 
26.60 
-
17.3% 

Total P excretion 

-
-
65.3% 
55% 
-

-

Diet 
HND' 
-
Normal diet 
Diet+phytase 
HED2 
Dry diet 

Dry diet 

Reference 
Cho (1993) 
EneU(1995) 
Schafer efaZ. (1995) 
Schafer era/. (1995) 
Johnsen efai. (1993) 
Phillips &. Beveridge (1986) 

Hakanson et aL (1988) 
Present study (chapter 7) 

'HND = High nutrient dense diet 
^HED = high energy diet 

Phosphorus pollution from aquaculture 

Phillips and Beveridge (1986) estimated that 85%) of phosphoms fed to fish was lost to 

the environment. The rate of phosphoms loss m different commercial aquaculture 

species is reported to be mostly m between 6-48 kg/tonne of fish production and more 

with carp (Table 1.5.5). Among the factors, type of feed is one of the most important 

factors in determining the level of phosphoms loss since a much higher phosphoms 

loss can be obtained if trash feed is given to fish compared to dry and moist feed 

(Warren-Hansen 1982). 

Table 1.5.5. Comparison ofphosphorus loss rates (TP kg/t fish produced/year) in aquaculture 

Country 

Nordic 
Norway 
Denmark 
Poland 
Sweden 
Finland 
U.K 
UK 
Scotland 
N. Ireland 
Italy 
Italy 
USA 
USA 
Canada 
Thailand 
Thailand 
Indonesia 

Species 

Salmon 
Atlantic salmon 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Brown trout 
Shrimp 
Shrimp 
Carp 

Culture 
system 
Cages 
Ponds 
Ponds 
Cages 
Cages 
Ponds 
Ponds 
. 
Cages 
Tanks 
. 
. 
. 
Jars 
Tanks 
Ponds 
Ponds 
-

Diets 

-
Dry feed 
Moist diet 
Dry feed 
-
. 
Dry feed 
Dry feed 
Diet (herring meal) 
Extruded diets 
Normal pellet 
Dry feed 
-
HND 
-
. 
-

kg/t 

9.5 
9.0 
11 
23 
13.5 
18.3 
15.7 
27 
27 
25.6 
6.63 
7.2 
21 
10-15 
6.0 
13-24.4 
47.6 
90.2+?0.4 

Reference 

EneU (1995) 
Ibrekk(1989) 
Warren-Hansen 1982 
Penczak era/. (1982) 
Enell & Lof (1983) 
Sumari (1982) 
Solbe 1982 
Phillips & Beveridge (1986) 
Phillips (1985) 
Foy & Rosell (1991a) 
Lanari e/a/. (1995b) 
Lanari era/. (1995b) 
Ketola (1982) 
Ketola (1991) 
Cho ef a/. (1991) 
Phillips efai. (1993) 
Briggs & Funge-Smith (1994) 

Costa-Pierce & Roem (1990) 
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Phosphorus as an indicator of water quality 

The phosphoms concentration in water can at any given time may be used to assess the 

quality of freshwater aquatic environment (Table 1.5.6.). On the basis of this, it 

appears that effluents from fish farms and hatcheries will be of degraded quality since 

the discharge from fish farms and hatcheries are reported to be 0.15 mg/1 total 

phosphoms (Warren-Hansen 1982) and 0.1 mg/1 dissolved phosphate (Albaster 1982). 

This leads to the possibility of eutrophication in waterbodies which receive direct fish 

farm effluents. 

Table 1.5.6. Criteria for assessing water quality of freshwater based on phosphorus level (OCE 
1988). 

Total phosphorus Dissolved phosphorus 
(mg/1) (mg/1) 

Excellent <0.010 <0.008 
Good <0.025 <0.020 
Moderate <0.050 - <0.040 
Poor <0.100 <0.080 
Degraded <0.100 <0.080 

Identification of the "right Phosphorus" 

As mentioned above, feed is the main source of phosphoms pollution in aquaculture. 

In plants, two thirds of phosphoms is bound in phytin that trout and salmon cannot 

digest (Ketola 1990). It has been demonstrated that phosphoms requirements are 

species-specific and surplus phosphoms provided through feed is either excreted, or 

passed out in the faeces (Beveridge 1987). Most animal and inorganic sources of 

phosphoms are readily available to fish (Ketola 1990). Ketola (1982) reported that the 

source of the phosphoms significantly influenced the retention as weU as loss rate; for 

example, defluorinated rock phosphate (DRP) resuhed in good growth of rainbow 

trout with a reduction of 46% in phosphoms discharge (Ketola 1985) in comparison to 

dicalcium phosphate (Ketola 1991). Additionally, the bioavailabilty of dietary 

phosphoms is influenced by the digestibUity of diet, particle size, interaction with other 

nutrients, feed processing and water chemistry (Lall 1991). Salmonids utilize 
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phosphoms fi-om fish meal more efficiently than do carp (Yone and Toshima 1979) 

whereas availability of phosphoms to tUapia is low (Watanabe et al 1980). 

Phosphorus release from food and faeces 

The primary source of phosphoms losses in aquaculture is in particulate form such as 

faeces and uneaten food. In general, about 30-60% of phosphoms losses by fish wiU be 

permanently accumulated in sludge (Persson 1988). The release of phosphoms fi-om 

food and faeces (soUd waste) to the environment depends on physico-chemical 

characteristics of the environment such as pH, temperature, oxygen, turbulence and 

microbial activity (Persson 1988). Phosphoms release fi-om fish food was observed to 

be accelerated m acidic rather than in neutral or aUcaline media (see Chapter 8) 

Overcoming phosphorus pollution from aquaculture 

Fish farm effluents can increase phosphoms levels and consequently cause 

eutrophication of receiving waters. As a result, further use of such water bodies for 

recreational or domestic or industrial purpose will be seriously affected. As phosphoms 

requirements are species specific it is vital that phosphoms be provided in feed at a 

level that maximizes growth offish but minimizes pollution of the enviroiunent. In this 

context research on the development of "low pollution diets" are of utmost 

importance. The nutrient from aquaculture can be minimized by retaining waste water 

(effluents) in holding ponds and by reusing waste water on lands for growing crops in 

an integrated aquaculture-agriculture system. The other alternative would be to 

develop high energy diets which reduce phosphoms discharge to the environment 

compared to normal feed (Bohl et al. 1992). However, although aquaculture has been 

identified as one of the point sources of phosphoms pollution, phosphoms loadings to 

the environment from fish farms is minimal compared to other sources such as 

agriculture (Table 1.5.7). 
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Table 1.5.7. Typical nutrient concentration for various point source discharges (EPA 1995). 

Source Typical phosphorus (mg/1) 
Dairy shed effluent 340 
Feedlot effluent 150 
Fish farms 0.07 

To reduce phosphoms pollution, the foUowing are important as suggested in Kibria et 
al (1996b). 

1. Estimation of phosphoms balance of species under aquaculture (Ketola 1991 ); 

2. Feed composition and type (e.g., extmded feeds are more digestible and 
generate less dust and solid waste and also resuh in better FCR (Warren -
Hansen 1982; Matty 1990); 

3. Feeding techniques (e.g. avoiding overfeeding and adjusting feed amount and 
frequency to the culture temperature) (Seymour and Bergheim 1991); 

4. Formulation of diets to meet nutrient requirements and proper choice of dietary 
ingredients (Kaushik 1992); 

and 

5. Reduction of phosphoms levels in feeds without affecting growth, feed 
efficiency, heahh and reproduction (Lall 1991; Kendra 1991), in this regard fish 
meal may be partially replaced by other low phosphoms protein sources to 
reduce phosphoms content of diet (such as with soybean meal) (Bergheim and 
Asgard 1996). In Nordic countries phosphoms levels in feed has been 
progressively reduced which resulted in a reduction of phosphoms pollution 
by 85% (Figure 1.5.2.). Additionally, improvements in diet digestibUity may 
further reduce phosphoms pollution from aquaculture. 

It is evident from the above review of literature that the past research on silver 

perch has been concentrated on its biology (Rowland 1984; Rowland and Bariow 

1991; Rowland and Ingram 1991; Rowland and Kearney 1992; Rowland 1994; 

Rowland and Allan 1994; Rowland et al. 1995) and nutrition (Allan and Rowland 

1992; Allan and Rowland 1994; Allan et al. 1993; Allan et al. 1994). To date there has 

been no attempt to study the types of waste entering the environment from aquaculture 

in Australia. The Environment Protection Authority (EPA) has expressed concern 

about projected environmental impacts from expansion of aquaculture in Australia 

since discharge from fish farms may change the chemistry of receiving waters (EPA 
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1995). This has been further aggravated with the knowledge that aquaculture effluents 

are known to be one of the point sources of water pollution (State of Victoria 1995). 

As a result EPA, the Department of Conservation and Natural Resource Management 

and the Fisheries and Aquaculture sectors are interested in obtaining further 

information on the physical, chemical and biological data on fish farm effluents. 

Research conducted in Europe and North America has demonstrated a strong 

relationship between eutrophication in lakes and rivers and the discharge of 

aquaculture effluents (Albaster 1982; Penczak et al. 1982; Foy and RoseU 1991a, 

1991b; Handy and Poxton 1993; Lanari et al. 1995a.,1995b). There is a need to reduce 

the feeding and metaboUc waste fi-om aquaculture so that aquaculture can be an 

environmentally sustainable development programme (Kibria et al. 1997b). Since feed 

costs account for about 60%> of aquaculture production (Stickney 1986; Manzi 1989) 

it is also economically desirable that feed loss be minimized. There have been no 

previous studies on the quality and quantity of waste load from aquaculture of silver 

perch ahhough such data are vital for environmental and nutritional management 

strategies and the planning and development of diets of low pollution potential. 

Similarly, there are few studies on the effects of temperature on the growth of silver 

perch and till now there has been no research on the use of inexpensive food such as 

natural zooplankton for altemative feed. The current study is the first systematic 

research conducted on the biological growth and pollution potential from aquaculture 

of silver perch. The main objectives of this study were : 

1. To study the biological growth of silver perch, Bidyanus bidyanus at different 
rearing temperatures fed on artificial diets; 

2. To evaluate the biochemical composition of sewage grown zooplankton for use 
as an altemative feed in the aquaculture of silver perch; 

3. To analyse the quality and quantity of sohd waste produced by silver perch at 
different rearing temperatures; 

4. To investigate nitrogen retention by silver perch and nitrogen losses to the 
environment when culturing B. bidyanus at different rearing temperatures; 
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5. To study phosphoms retention by silver perch and phosphoms losses to the 
environment when culturing B. bidyanus at different rearing temperatures; 

6. To analyse the nutritional composition of solid waste and the release of 
nutrients from sohd waste; 

7. To evaluate the effect of salinity on growth and pollution load of sUver perch. 
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GENERAL MATERIALS AND METHODS 

The Australian native fish silver perch Bidyanus bidyanus (MitcheU 1838) 

(Teraponidae) was selected as the test species in this study. Silver perch juvenile were 

reared at room temperatures and at 20°C, 25°C and 30°C and fed on three artificial 

commercial diets to carry out experiments on the quality and quantity of waste load in 

reference to solid waste, and on aspects of nitrogen and phosphoms pollution fi-om 

aquaculture of silver perch. Fractionation of nutrient content in solid waste and the 

release of nutrients fi-om fish food and faeces were studied under different experimental 

situations. An evaluation was made on the biochemical composition of sewage grown 

zooplankton and the performances of sUver perch fed on zooplankton. Experiments 

were also conducted on growth and nutrient load by silver perch at 0 salinity, 4 

salinity, 8 saUnity and 12 salinity. 

Experiments on the biological growth of silver perch and on the production of 

solid waste, phosphoms and nitrogen pollution, nutrient content in solid waste and the 

release of nutrients from solid waste were conducted at the wet laboratory at the 

Victoria University of Technology. Experiments on the utilization of sewage 

zooplankton were carried out at the Zootech multipurpose hatchery located at the 

Werribee, Melbourne. Details of the design of each experiment and relevant 

procedures have been provided in the relevant chapters. This chapter gives a summary 

of the general materials and methods adopted on biochemical analysis offish food, fish, 

faeces and zooplankton, and analysis of water quality. 
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The silver perch B. bidyanus were purchased from a local native fish farm 

where fish were grown in earthen ponds. Fish were first accUmatized in the laboratory 

in large holding tanks (46 x 30 x 30 cm) for four weeks before use in experiments. 

They were reared in small glass aquaria (3 0 x 1 6 x 1 7 cm) and the water in aquaria was 

maintained at the required temperature by heating water with thermostatically 

controUed heater in a large tank (70 x 60 x 30 cm) in which smaU aquaria were placed. 

Fish were subjected to a short salt bath (lOg-1" )̂ for 60 mmutes prior to start of feeding 

trials (Rowland and Ingram 1991). The three commercial diets used in experiments 

referred to as diet-1, diet-2 and diet-3 containing 53%, 45% and 36% protein and 

1.36%, 1.16% and 1.28% phosphoms respectively. The main objectives of this study 

was to quantify the waste load fi"om aquaculture of silver perch according to the 

protocols outUned by Persson (1988) of Swedish Environment Protection Authority 

who stated that use of static aquaria are the best and most appropriate to study 

pollution load from aquaculture were followed. In aquaria it has been shown that the 

loss of uneaten feed and faecal materials can be minimized. Moreover, wastes are 

clearly visible, easier to coUect, and any number of replicates may be used. 

Domestic tap water was used after dechlorination with recommended 

condhioner (Sera Aquatan). For all experiments, the water quaUty was maintained at 

pH 7.5-8.0 using sodium bicarbonate or sodium bi-phosphate to adjust the pH, the 

dissolved oxygen level was above 6 mg-1'^ and the hardness between 80-100 mg'l"^ 

The pH was measured with a bench-top pH meter (Orion model SA520), dissolved 

oxygen by using a dissolved oxygen meter (YSI model 58), hardness by a test kit 

(Aquasonic, NSW) and the salinity by a conductivity meter (YSI model 33). The water 

temperature and fish health was monitored daily. A biological fiher was used in each 

aquarium/tank to enhance the culture environment. 
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2.1 Biochemical analysis of feed, fish, zooplankton and faeces 

The proximate composition (moisture, cmde protein, cmde fat, carbohydrate, mineral 

matter or ash,) of diets, fish and zooplankton were determmed foUowing AOAC 

(1990a; 1990b), as modified by New (1987) and O'Brien (1994). 

2.1.1. Moisture determination 

The moisture content was determined by drying samples in a flat, aluminium dish in an 

oven at 100°C until a constant weight was recorded (New 1987). 

Moisture content (%) = Weight of fresh sample - Weight dry sample x 100 
Weight of fi-esh sample 

2.1.2. Crude protein determination 

Cmde protein (N x 6.25) in feed, fish and faeces was determined by the semi-micro 

Kjeldahl digestion method. About 0.2g of samples were placed into a 50 ml digestion 

tubes with 1 Kjeldahl catalyst tablet (Ajax Cat No. 1509), and 5 ml concentrated 

sulphuric acid (H2SO4). The samples were then heated on the digestion block for 30 

minutes at 150°C, then for 30 minutes at 250°C and then at 30 minutes or more at 

360°C until the solution was clear. After digestion, the solution was aUowed to cool 

and after cooUng, deionized water (Milli-Q-H20) was added to bring the total volume 

to 50 ml. The solution was then vortexed for one minute for constant mixing on a 

vortex mixture. 0.1 ml aliquot of digested sample was transferred into a spectro tubes 

where 8.9 ml of saUcylate reagent {(sodium nitropmsside [(Na2(Fe(CN)5NO)2H20)] + sodium 

salicylate [(C6H4(OH)COONa)]} and 1.0 ml of cyanurate reagent {(sodium 

dichloroisocyanurate (C2N202Cl2Na.2H20) + sodium hydroxide (NaOH)} was added and left for 

30 minutes for colour development. The colour developed was read at 697 nm on a 

spectrophotometer and the percentage of nitrogen was calculated as follows : 
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Nitrogen content of sample (%) = Absorbance - Blank x A x 10"̂  (O'Brien 1994) 
Slope B 

where 
A = Final volume 
B = Weight of sample taken 

2.1.3. Crude fat analysis 

Cmde fat of feed, fish and zooplankton was determined by the ether extraction method 

(New 1987). 2g of dried samples was placed into an extraction thimble and thimble 

containing the samples was inserted into a soxhlet apparatus. A dry solvent flask was 

placed beneath the soxhlet apparatus, 200 ml of petroleum ether (b.p. 40-60°C) was 

added and the flask containing the ether was heated for 16 hours. After 16 hours the 

flask was placed in a water bath to remove the ether and dried at 105°C for 30 

minutes. The flask was cooled in a desiccator and weighed in an analytical balance. 

The cmde fat was calculated using the foUowing formula : 

Cmde fat (% of DM) = Weight of fat x 100 (New 1987) 
Weight of sample 

2.1.4. Crude ash determination 

Ash was determined after placing 2g of the dry sample in a dry, tared porcelain dish in 

a muffle furnace and burning at 600°C untU the residue was fi-ee of organic matter 

(New 1987). It was cooled in a desiccator and weighed using an analytical balance. 

The ash (%) was calculated as : 

Ash(%) = Weight of ash x 100 (New 1987) 
_ _ ^ ^ ^ Weight of sample 
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2.1.5. Carbohydrates 

The carbohydrates or nitrogen fi-ee extract (NFE) was calculated by the difference 

between the dry matter of the sample and the sum of the determined cmde protein, 

ether extract and ash : 

NFE : 100 - cmde protein (%) - cmde fat (%) - ash (%) (Lanari et al. 1995a). 

2.1.6. Phosphorus determination 

Samples for analysis of phosphoms were digested foUowing the protein digestion 

methods described above (2.1.2). Next 0.2 ml aliquots of digested samples were 

transferred into spectro tubes, and mixed with 1.0 ml of modified Murphy and Riley 

(M & R) reagents {(ammonium molybdate [(Mo)(NH4)5Mo7024 x 4H2O) + cone, 

sulphuric acid [(H2SO4)], + Milli-Q-H20)]}. After mixing, 8.8 ml of Milli-Q-H20 was 

added using an automatic dispenser. The samples were then left overnight for full 

colour development. The colour developed was read at 827 nm on a 

spectrophotometer and the percentage of phosphoms was calculated as follows : 

Phosphoms (%) = Absorbance - Blank x Ax 10^ (O'Brien 1994 ) 
Slope B 

where 
A = Final volume 
B = Weight of sample taken 

2.1.7. Proximate composition and amino acids content of diets 

The three commercial diets referred to as diet-1, diet-2 and diet-3 were used to 

carryout experiments on the biological growth of silver perch, and on the production 

of solid waste, and pollution load. The biochemical composition of the three diets 

determined are given in Table 2.1. The specifications of the three diets obtained fi-om 

the feed companies are described in Table 2.2. 
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Table 2.1. Proximate composition of diets used for studies on biological growth and nutrient load. 

Diet-1 Diet-2 Diet-3 
Dry matter, DM (%) 
Cmde protein (% DM) 
Ether extract (% DM) 
Ash(%DM) 
N-free extract (% DM)̂  
Nitrogen (%) 
Phosphorus (% DM) 
Gross energy (MJ/Kg DM)̂  
Digestible energy (MJ/kg DM)3 
DP:DE (g/MJ DM) 

91.80 
53.00 
06.92 
13.06 
27.02 
08.48 
01.31 
19.89 
17.24 
30.74 

90.12 
45.00 
08.50 
09.84 
36.66 
07.20 
01.16 
20.28 
17.34 
25.95 

88.99 
36.00 
04.96 
13.00 
46.04 
05.74 
01.28 
18.40 
15.39 
23.39 

' The Nitrogen free extract = 100 - Crude protein - Ether extract - Ash (Lanari et al. 1995a). 

2 Gross energy contents of the diets were estimated by using values of 0.0236 MJ/g protein, 0.0395 MJ/g lipid and 0.0172 MJ/g 

carbohydrate (NFE) (Silver et al. 1993). 

^ The digestible energy contents of the diets were estimated by using values of 0.02213 MJ/g protein (assuming 90% is digestible) 

0.0356 MJ/g lipid (assuming 90% lipid is digestible), and 0.0129 MJ/g carbohydrate (assuming 75% is digestible) (Silver et al. 

1993). 

Table 2.2. Specification of three diets used in different experiments (information as available from 
the feed companies). 

Diet -1 
Feed type: 

Ingredients : 
Feeding rate: 

Diet - 2 

Feed type: 

Ingredients: 

Feeding rate: 

Diet - 3 
Feed type: 

Ingredients: 

Feeding rate: 

A feed for fast growing warm water silver perch fry until juveniles reach 5g in 
weight. A concentrated diet high in vitamins and energy. 
Fish meal, blood meal, soybean meal and fish oil 
3% of body weight. 

An extruded dry diet of semi-floating crumble for feeding juveniles until silver 
perch are about 6 cm long 
Grain cereals, and cereal by-products, fish, meat and meal by-products, whole 
grain legumes, methionine, vitamins, minerals and natural organic acids, 
twice per day; 3% of body weight. 

For silver perch (0.5-15g), 2mm crumbles are recommended for 0.5-15g silver 
perch. 
Grains, grain by products, soybean meal, fish meal, blood meal, synthetic amino 
acids, fish oil, vitamins, trace minerals and an antioxidant. 

3 % of body weight. 

The amino acid of the three diets were analyzed at the State Chemistry Laboratory, 

Melbourne and are given in Table 2.3. 

76 



Chapter 2: Materiala and methoda 

Table 2.3. Essential and non-essential amino acids composition of the three diets used in feeding 
trials (g. 100-8 dry weight). 

Diet-1 Diet-2 Diet-3 

2.42 2.08 
1.29 1.06 
1.66 1.54 
3.25 2.98 
2.65 2.23 
0.80 0.84 
1.86 1.60 
1.68 1.43 
0.43 0.40 
2.36 1.95 

2.27 2.07 
3.54 3.19 
0.44 0.43 
6.36 5.54 
2.03 1.7 
2.03 1.78 
1.88 1.66 
1.17 1.05 

Essential-amino acids 
Arginine (Arg) 
Histidine (His) 
Isoleucine (Iso) 
Leucine (Leu) 
Lysine (Lys) 
Methionine (Met) 
Phenylalanine (Phe) 
Threonine (Thr) 
Tryptophan (Try) 
Valine (Val) 

Non-essential amino acids 
Alanine (Ala) 
Asparatic acid (Asp) 
Cysteine (Cys) 
Glutamic acid (Glu) 
Glycine (Gly) 
Prohne (Pro) 
Serine (Ser) 
Tyrosine (Tyr) 

2.91 
1.79 
1.97 
4.68 
4.20 
1.18 
2.59 
2.32 
0.59 
3.18 

2.37 
3.75 
0.57 
6.87 
3.03 
3.13 
2.35 
1.37 

2.2. Water quality analysis 

Nitrogen and phosphorus in water 

Water samples for ammonium, nitrite, nitrate, total nitrogen, and orthophosphate were 

determined using a Tecator flow injection analyzer (FIA). The methods was as 

described in the Tecator flow injection instmction manual, Tecator (1990). All water 

samples were first fiUered through a 0.45 îm membrane fiher prior to analysis. 

2.2.1. Ammoniacal nitrogen (NH/'-N) 

In the flow injection analysis, samples containing ammonium ions (NH4-N) were first 

mixed with sodium hydroxide (0.5 M NaOH) which resuhed in an alkaline medium 

where gaseous ammonia is formed (NH4+ + OH ^z=z=> NHsCg) + HjO). The ammonia 

gas is diflEused through a gas permeable membrane into an indicator (N red) stream, 

77 



Chapter 2 : Materiala and methoda 

composed of a mixture of acid-base indicators. A colour change which represented a 

shift in pH was measured spectophotometrically at 590 nm. 

^2.2. Nitrite (NO2--N) 

The nitrite/nitrate was determined by the ammonium chloride (NH4CI), sulphanUamide 

(C6H8N2O2S) and N-(l-naphthyl)-Ethylene Diamine Dihydrochloride (C12H14N2 x 2 

HCl) method as described in the Tecator instmction manual (Tecator 1990). The 

sample containing nitrite (NOj-N) was injected into a stream of ammonium chloride, 

which was then reacted with an acidic sulphanUamide and N-(l-naphthyl)-Ethylene 

Diamine Dihydrochloride (NED) solution to form a reddish-purple azo dye. The 

absorbance of this reddish colour was determined at 540 nm. 

2.2.3. Nitrate (NOf-N) 

The water samples containing nitrate (NO3-N) were injected into a stream of 

ammonium chloride through a cadmium reductor which reduced nitrate to nitrite. The 

nitrite reacted with an acidic sulphanUamide and N-(l-naphthyl)-Ethylene Diamine 

Dihydrochloride (NED) forming a purple azo dye. This purple azo dye was measured 

at 540 nm. 

2.2.4. Total nitrogen (NOf-N) 

5 ml of potassium persulphate (KjSjOg) solution (prepared foUowing instmction) was 

added to each water samples used for total nitrogen determination. The samples were 

then heated for 30 minutes in an autoclave at a pressure of 200 kPa. Afi;er cooling the 

samples, 0.15 ml of 1 M sulphuric acid, and one drop of phenolphthalein (C20H12O4) 

solution were added to each sample. The samples were then neutralized with 0.12 M 

sodium hydroxide (NaOH) untU a pale pink colour developed indicating that nitrogen 

had been converted to nitrate. The autoclaved samples were then analyzed for nitrate 

following the procedures described above. 
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2.2.5. Orthophosphate (PO/'-P) 

The orthophosphate and total phosphoms in water was determined by the molybdate 

[(Mo)(NH4)6Mo7024 X 4H2O], hydrazine (N2H6SO4) and stannous chloride (SnClj) 

method as described in the instmction manual (Tecator 1990). The sample containing 

orthophosphate was reacted first with ammonium molybdate to form the heteropoly 

molybdophosphoric acid, which was subsequently reduced to phosphomolybdenum 

blue by staimous chloride in a sulphuric acid medium. The intensive blue colour 

developed was then measured spectrophotometrically at 690 nm. 

2.2.6. Total phosphorus (PO^P) in waters 

0.15 ml of 4 M sulphuric acid and 3 ml of potassium persulphate was added to samples 

(15.0 ml) for total phosphoms determination in order to convert aU phosphoms species 

to orthophosphate. The samples were then heated for 30 minutes in an autoclave at 

200 kPa. The digested samples contaming orthophosphate were then measured 

spectrophotometrically as above. 

2.3. Cleaning of glassware used for phosphorus and nitrogen 
determination 

For routine water quality analysis, glassware, centrifijgation tubes and plastic 

containers were soaked in decon, rinsed three times with tap water and finally two 

times with distilled water. For phosphoms and nitrogen determination, glassware had a 

light wash with NaHCOj solution, followed by rinsing in tap and distilled water, 

soaked overnight m an acid bath containing 6N HCL and washed again with tap and 

distiUed water (Adams 1990). When necessary glassware was soaked in chromic acid 

solufion (H^CX^OT) {lOgV^) foUowed by soaking into NaHCOj solution. Pipettes 

used for drawing reagents were rinsed with deionised water and later with the solution 

to be transferred. All spectrophotometer cells were rinsed with deionized water prior 

to use. 
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2.4. Preservation of samples 

Water samples collected were analyzed as soon as possible. If there was any delay in 

analysis, the samples were preserved and stored in appropriate containers foUowing the 

methods of American Public Health Association (APHA 1989). Where there was a 

need for transportation of samples, samples were placed in cmshed or cubed ice blocks 

before shipment. Samples of faeces, uneaten food, and fish were kept in a deep fi-eezer 

at -25°C untU analyzed. 

2.5. Statistical analysis 

The sample mean, standard deviation, and standard error were calculated according to 

the method of Zar (1984). Percentage data were transformed to arc sin values prior to 

analysis to achieve homogeneity of variances. One way analysis of variance (ANOVA) 

was conducted to compare the means of specific growth rate (SGR), food conversion 

ratio (FCR), protein efficiency ratio (PER) and nutrient load using an IBM compatible 

MS Excel 5.0 programme. Curves were fitted (linear or exponential or polynomial as 

appropriate) to indicate the trend or correlations m data on the release of nutrients of 

ammonium and orthophosphate, nutrient intake vs faecal nutrient lost. The coefficient 

of determination (r^) was used to determine the strength of the correlation between 

variables and curves were fitted to data as appropriate using Cricket graph-IE (version 

1.0, Computers Associates International). 
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2.6. Formulae used 

Apparent net protein utilization 
(ANPU) 

final body nitrogen - initial hndv nitrQggr̂  (Jaunc^ 1982) 
amoimt of nitrogen consumed 

Feed conversion ratio (FCR) weight of feed fed (Laird & Needham 1988) 
wet weight gain 

Gain in weight or absolute growth = Wj - Wj (Chiu 1989) 

where Wj is the final weight offish 
Wj is the initial weight offish 

Nutrient retention (final body nutrient - initial body nutrient^ x lOO 
total nutr ient fed (Brown et al. 1993) 

Percentage weight gain Final average weight x 100 (Ballestrazzi era/. 1994) 
Initial average weight 

Protein efficiency ratio (PER) g wet weight gain (EIFAC 1980; De Silva & Anderson 1995); 

g crude protein fed 

Specific growth rate (SGR) In final weight - In initial weight (Laird and Needham 1988) 
total days of experiment 

where In = natural logarithm 

Definitions of abbreviations, terms and units used in this thesis are given in Appendix II 

(pages 262-265). 
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EFFECT OF TEMPERATURE ON THE BIOLOGICAL GROWTH OF 
SILVER PERCH FED ON ARTIFICIAL DIETS 

INTRODUCTION 

The silver perch {B. bidyanus) is an Australian native fish with high potential for 

aquaculture (Rowland et al. 1995). It is one of the four principal species of the 

Murray-Darling River system and is much sought afl;er by commercial and recreational 

fishers (Cadwallader 1979). Although aquaculture is an infant industry in AustraUa, 

interest m the culture of silver perch is growing both in Australia and in nearby Asia 

(Gooley and Rowland 1993). Silver perch currently represents a major native 

aquaculture industry in the country (Kibria et al 1996a) 

Previous research on B. bidyanus has concentrated on its production (Rowland 

and Bariow 1991; Allan and Rowland 1992; Rowland and Allan 1994; and Rowland et 

al 1995) and nutrition (Allan and Rowland 1992; Allan et al. 1994 and Allan and 

Rowland 1994) (see also review on silver perch biology and aquaculture in chapter 

1.1). There is however only limited information on the effects oftemperature on silver 

perch growth although temperature is known to be a most important factor controUing 

growth, metaboUc rate, food conversion and the survival of fish and cmstaceans 

(Farmanfarmaian and Moore 1978; Barlow 1986; Cho and Kaushik 1990). In addition, 

the rearing temperature may also determine the amount of soUd and soluble waste load 

fi-om aquaculture (see chapter 5, 6, 7 and 8). There is a paucity of data and information 

on the effects of temperature on the growth of Australian species including the silver 

perch (Bariow 1986; Maguire and Allan 1992). The silver perch is known to tolerate a 

wide range oftemperature fi-om 2-32°C (CadwaUader and Backhouse 1983); however 

the optimum temperature for growth of Australian native fish and crayfish is not fiilly 
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known (Barlow 1986). Silver perch can grow at temperature as low at 12°C (Barlow 

and Bock 1981) and a reasonable growth was reported when the temperature exceeds 

14°C (Barlow 1986). The current experiments were conducted to evaluate the effects 

of a range of temperature on gain m weight, specific growth rate (SGR), and food 

conversion ratio (FCR) of silver perch juveniles fed on three artificial diets. 

MATERIALS AND METHODS 

The experiment was conducted by rearing silver perch juveniles in glass aquaria (30 x 

16 X 17 cm). Fish were acclimatized and the water quality parameters was maintained 

in the same way as described in earUer chapter (chapter 2). Fish were fed on the three 

commercial diets referred to as diet-1, diet-2 and diet-3 with protein content of 53%, 

45% and 36% respectively. Further information and specifications of the three diets are 

given in table 2.1, 2.2, and 2.3 (chapter 2.). Fish were fed on silver cmmbles/starter 

(appropriate for juveniles) at the rate of 3% of their body weight as recommended by 

the feed manufacturer. Proximate analysis of the diets was determined foUowing 

AOAC protocols (1990a, 1990b). Protein was analyzed by the semi-Kjeldahl method 

(Nx6.25), fat by ether extraction, moisture by drying in an oven overnight at 100°C for 

24 hours, ashing by burning samples in a muffle fiimace at 600°C overnight, and 

carbohydrate calculated by the difference in weight (detaUs are given in chapter 2.1.). 

Two experiments were conducted to evaluate the effect of temperature on the 

growth of silver perch juveniles. The first experiment was conducted at the room 

temperature (18-20*^C) and caUed here as a 'preUminary experiment' and the second 

experiment was conducted by setting water temperature at 20°C, 25°C and 30°C. The 

experimental details are described below : 
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Trial-1 (Preliminary experiment) : Effects of feed on growth at room temperature 

Fish were reared in glass aquaria at room temperature (18-20^C) for four weeks. 

Individual fish were kept in separate aquaria to study individual growth performance 

with respect to gain in weight, food conversion ratio (FCR) and specific growth rate 

(SGR). Fish were fed on three diets (diet-1, diet-2 and diet-3) at the calculated rate of 

3% of their body weight. The feed was divided into two portions and fed twice a day 

(0900 and 1600 hours respectively), six days a week for four weeks. Unfed fish 

(controls) were kept in separate aquaria to compare growth performance of fed fish. 

Sampling was conducted once a week to measure gain in weight and to adjust the 

amount of feed to be fed per day. The experimental detaUs are provided in Table 3.1. 

Trial 2 : Effects of temperature (20'^C, 25^Cand30°C) on growth, FCR and SGR 

The silver perch juveniles were reared at 20°C, 25°C and 30°C for four weeks to 

study the effect of temperature on growth, food conversion and specific growth rate. 

The experimental details are given in Table 3.2. The water temperature for this trial 

was maintained by heating water with a thermostatically controlled heater in a large 

tank (70 X 60 X 30 cm) in which the six repUcate aquaria were placed. Fish were fed on 

the three diets (diet-1, diet-2 and diet-3) at the rate of 3% of their body weight. The 

feed was divided into two portions and fed twice a day (0900 and 1600), and six days 

a week for four weeks. Sampling was conducted bi-weekly when the feed amount was 

adjusted with respect to mean weight offish per aquarium. 

Results were analyzed by one way analysis of variance (ANOVA) or a 2 sample 

student t test (Zar 1984) using an IBM compatible MS Excel programme 5.0. The 

weight gain, percentage weight gain, SGR, FCR and PER were calculated using the 

appropriate formulae given in the chapter 2.6. 
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RESULTS 

Trial 1 : Preliminary experiment 

Silver perch juveniles fed on diet-2 showed a trend of slightly better growth rate 

(Figure 3.1). However, statistical analysis did not reveal any significant difference 

(P>0.05) in weight gain between the fish fed on the three different diets. Moreover, a 

statistically significant feed conversion ratio (FCR) and specific growth rate (SGR) 

were achieved in fish fed on diet-2. than fish fed on the other diets (Table 3.3). Fish fed 

diets 1 and 3 had significantiy lower SGR and higher FCR values than those fed diet 2. 

The survival in this preliminary experiment was 100%. 

Table 3.3. Weight gain, specific growth rate and food conversion ratio of individual silver perch fed 
three diets and reared at room temperatures for 28 days in feeding trial-1. 

Diet-1 Diet-2 Diet-3 

Initial average weight (mg) 1540 1,140 1,440 
Final average weight (mg) 1,980 1,600 1,830 
Average gain in weight (mg) 440±19^ 460±22̂  390±50a 
Percentage weight gain 29±1.40a 40±2.2'' 27±1.70a 
Specific growth rate (SGR) 1.05±0.07a 1.41±0.03'' 0.99±0.04^ 
Food conversion ratio (FCR) 2.97+0.06* 2.2410.10^ 3.20±0.04a 
Protein efficiency ratio (PER) 0.69±0.02ia 0.99±0.07t' 0.89±0.06* 
Survival (%) 100 100 100 
Values are mean+SE; n=10. 
Values in the same row with common superscripts are not significantly difiFerent (P>0.05). 

Trial 2 : Effect oftemperature 

Silver perch showed the highest growth at 25°C and the least growth at 20^C in the 

order of 25°C>30°C>20°C (Figure 3.2). The gain in weight of silver perch was 

significantly different at different temperatures being significantly higher at 25°C 

(Table 3.4) (P<0.05). The specific growth rate was also found to be significantly 

greater at 25°C. Fish grown at 25°C had better FCR and PER than at either 30°C or 

20°C (Table 3.4). The survival at 20°C and 25°C was 100% but there were some 

mortalities at 30°C. 
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Figure 3.1. Gain in weight of silver perch juveniles fed three diets 
and reared at room temperatures (18-20 degree celcius) for 28 days. 
There was no significant difference in weight gain of fish fed the 
three diets (P>0.05). The control group was unfed (mean+SE; n=10). 

* = denotes significantly different 
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Figure 3.2. Gain in weight of silver perch juveniles fed three diets 
(here indicated as 1, 2, 3) and reared at 20, 25 and 30 degree celcius 
for 28 days. The gain in weight was significantly different in fish held 
at the three temperatures (P<0.05)(mean+SE; n=6). 

* = denotes significantly different 
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DISCUSSION 

In both the preliminary experiment (trial-1) and the temperature trial (trial-2), fish fed 

diet-2 containing 45% protein showed a slightly higher gam m weight compared to fish 

fed diet-1(5 3%) or diet-3 (3 6%) although statistical analysis did not reveal any 

significant differences in gain in weight offish fed the three diets (P>0.05). The resuh 

obtained showed a trend that at all temperature diet-2 consistently achieved a sHghtly 

higher gain in weight to silver perch compared to other two diets (P>0.05) (Figure 

3.2). Although optimum protein requirements of silver perch has not yet been 

demonstrated, the resuhs of this study have mdicated a trend in that small silver perch 

juveniles may perform slightly better on a 45% protein diet although as indicated no 

significant differences were found. 

The maximum growth of silver perch was found to be at 25°C which suggests 

that this temperature is close to the optimum growing temperature of silver perch 

(P<0.05) (Figure 3.2). Barlow (1986) has reported that the optimum growing 

temperature is between 20°C and 30°C (Barlow 1986) while Rowland et al. (1995) 

indicated a figure of 23°C and 28°C. It is well known that all species demonstrate a 

peak growth at their optimum temperature and that the growth rate falls at 

temperatures other than the optimum (Brett 1979; Hepher 1988). In poikilothermic 

animals, growth increases with an mcrease in temperature but decreases above the 

optimum temperature (Brett 1979). At low temperatures, the rate of digestion is 

greatly reduced and gross conversion efficiency could be less as a resuh of reduced 

digestive efficiency and fish consuming less feed (Brett 1979; Cho and Kaushik 1990). 

At higher than optimum temperature appetite and activity of fish is less which could 

suppress the growth and food conversion efficiency (Brett 1979; Cossins and Bowler 

1987). In fact, the optimum growth of aquatic animals occurs over a reasonable and 

fixed narrow range oftemperature (Hepher 1988; Jones 1991) and the growth rate is 

gradually suppressed at lower and higher of optimum temperature (Cossins and 
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Bowler 1987; Jones 1991). For example, bluntnose minnows, Pimephales notatus 

grew faster at 25°C (close to optunum), more slowly at 30°C and most slowly at 

15°C (Gill and Weatherley 1984). In crayfish, Cherax quadricarinatus, growth was 

found to be best at 28°C and significantly less at 32°C. The author did suggest that 

poor growth of crayfish at 24°C and 32°C may represent low and high extremes for 

good growth in this species (Jones 1991). The lower growth at 30°C and least growth 

at 20°C found in this study may represent two extremes from the optimum growing 

temperature (25°C) of silver perch (Table 3.4; Figure 3.2). 

The growth of silver perch is primarily determined by the temperature 

(Rowland et al 1994; Rowland 1995b; Rowland 1995c) which is also reflected in the 

present study. Allan and Rowland (1991) reported that silver perch juveniles grow 

slowly at 18.3-22.8°C. Similarly, silver perch juveniles grow at a lower rates during 

the coldest winter months in earthen ponds (Rowland et al. 1995) and at a higher rate 

during the warmer months (Rowland 1995a; Rowland 1995b). When silver perch are 

exposed to temperatures of 30'-'C and in excess of 30°C for 3-4 weeks there is an 

affect on appetite, food conversion and growth (Rowland and Bryant 1995). This may 

account for the lower growth and FCR obtamed with silver perch at 30°C compared 

to 25°C in this study (trial-2; Table 3.4). In addition to temperature, ammonia level 

could be higher at a higher temperature (see chapter 6) and may have affected the 

growth of silver perch since higher ammonia level in the culture system could stress or 

may cause mortalities (Boyd 1990; Hart and O'Sullivan 1993). 

The medium of culture may affect growth of silver perch. It appears that the 

growth of silver perch in aquaria is slower than m commercial ponds which may 

indicate that the artificial tanks may not be a preferable culture medium to achieve the 

maximum growth of silver perch. Growth of silver perch in artificial medium (tanks) 

was reported to be significantly less than in fish cultured in earthen ponds (Rowland 

and Bryant 1995; McKinnon et al. 1996). Similarly, crayfish have shown a poor 
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growth in concrete and plastic-Uned ponds whereas earthen ponds were very effective 

in crayfish rearing (Tradwell et al. 1992). This may well account for the relatively less 

weight gain demonstrated by juvenile silver perch in the current study. 

It is concluded that there was a trend for the 45% protein diet to give a higher 

weight gain compared with the other two diets tested although the result was not 

significant. It was also shown that silver perch grew significantly better at 25°C than at 

either 20° or 30°C (P<0.05) indicatmg that the optimum temperature for silver perch 

is close to 25°C. 
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UTILIZATION OF SEWAGE GROWN ZOOPLANKTON : BIOCHEMISTRY 
OF ZOOPLANKTON AND THE PERFORMANCE OF SILVER PERCH FED 

ON SEWAGE ZOOPLANKTON 

INTRODUCTION 

Zooplankton are the natural food of many marine and fi-eshwater fish and prawn. It has 

been extensively used in the rearing of larvae and fiy (De Pauw et al. 1981; Tay et al. 

1991). Both live (Dabrowski 1984; Alam et al. 1993) and fi-ozen zooplankton (Brett 

1971; Sargent et al. 1979) have been used in the rearing of finfish and crustaceans. 

Previous research has demonstrated that fiy and juveniles perform better when fed on 

zooplankton than on artificial dry diets (Dabrowski 1984; Dave 1989). Frozen and 

freeze dried zooplankton represent an excellent food source for hatchlings of white 

fish, carp. Lake char and species which normally require live plankton for growth 

(Bryant and Matty 1980). 

Zooplankton are regarded as a valuable source of protein, amino acid, lipid, 

fatty acid and enzymes in aquaculture (Ogino 1963; Pillay 1990; Millamena et al. 1990; 

Munilla-Moran et al. 1990) (see also review on biochemical composition of 

zooplankton in chapter 1.2). Yurkowski and Tabachek (1979) reported that the 

essential amino acids in cladocerans, Daphnia pulex and copepods, Diaptomus sp. is 

equal to or greater than those normally required by fish. Studies on the nutrient 

composition of natural zooplankton are important as these would aid in determining 

the suitability of the organisms as feed ingredients in aquaculture (Yurkowski and 

Tabachek 1979). The nutritional quality of living organisms can be evaluated by 

determining their proximate and amino-acids composition, and by the protein efficiency 

ratio (PER) and net protein utilization (Watanabe et al 1978). Zooplankton grows 
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abundantly in the nutrient rich Werribee Sewage Treatment Lagoons (WSTL), 

Melbourne but the resource is underutilized. There appear to be no previous reported 

studies on the utilization of this resource for aquaculture in AustraUa. Currently fish 

meal is the main protein source for fish feeds (Lovell 1989), however it is becoming 

expensive because of high demand and a reduction in supply (Barlow 1989). There is a 

need therefore, to evaluate ingredients which are cheaper to use and could be an 

altemative protein source in the culture offish. Silver perch is an Austrahan native fish 

of high aquaculture potential and represents the main native fireshwater aquaculture 

industry in Australia (Kibria et al. 1996a). Zooplankton are the major natural food of 

young and aduh silver perch (Lake 1967a; Cadwallader and Backhouse 1983; Rowland 

1984) (see also chapter 1.2 for natural food of silver perch). There has been to date no 

pubhshed research report on the performance of silver perch fed on zooplankton in a 

controlled environment. Experiments were undertaken in this study to examine the 

proximate composition of sewage grown zooplankton and the performance B. 

bidyanus fed on two species of cladoceran zooplankton namely Daphnia carinata and 

Moina australiensis. 

MATERIALS AND METHODS 

Source and production of zooplankton 

Zooplankton grows abundantly in the last stage of sewage treatment process at the 

Wenribee Sewage Treatment Lagoons (WST). The WSTL is located 35 km southwest 

of Melbourne, Australia. The zooplankton utilize algae fi-om the ponds and remove 

nitrogen and phosphorus (pollutants) from the waste water. The sequence of 

zooplankton production at the WSTL is given in Figure 4.1. During 1995-96 

(summer), the Zootech (a private company researching on zooplankton) used a special 

harvester "Baleen" and harvested 40-84 kg/hour of zooplankton from the lagoons. The 

harvested zooplankton were kept frozen at -20°C in blocks until used. 
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chapter 4 : Sewage zooplajikton biochemistry & performance 

The dominant zooplankton at the WSTL are Daphnia carinata King, and Moina 

australiensis Saris (Lai 1994). This natural and invaluable resource is underutilized, 

and has been to date drained into the Port Philip Bay by the Melbourne Water 

Authority. 

Fish husbandry and experimental procedures 

The rearing experiments was conducted at the Zootech muhipurpose hatchery located 

at the Werribee Treatment Complex. Silver perch {B. bidyanus) juveniles were bought 

from a local native fish hatchery. Fish were acclimatized in the hatchery environment 

for three weeks before the start of the experiment. Rectangular (dark coloured) P.V.C 

tanks (41 x 84 x 27 cm) were selected randomly for each of the seven feeding 

treatments (Table 4.1.). Each tank was stocked with 15 fish (av. weight 698 mg) with 

three replicates per treatment, or 45 fish per treatment. 

Table 4.1. The different feeding regimes used in feeding silver perch with zooplankton. 

Feeding regimes Code 
1 Control (commercial diet-2) (100%) CON 
2 Daphnia carinata (100%) DAP 
3 Moina australiensis (100%) MOI 
4 D. carinata (50%) andAf. australiensis (50%) DAP+MOI 
5 D. carinata (33.33%) +M. australiensis (33.33%) + Commercial diet (33.33%) D A P + M O I + C O N 

6 D. carinata (50%) + Control (50%) DAP+CON 
7 M. australiensis (50%) + Control (50%) MOI+CON 

The fish were reared at 25°C, since in a previous study, the best growth of silver perch 

juveniles was obtained at this temperature (see chapter 3.). The water temperature of 

the tank was maintained at 25*̂ C using a thermostatically controlled heater. The water 

quality was maintained to a level optimum for fish growth (chapter 2.). The hght 

regime was 12 h light and 12 h dark. Fish were fed on either frozen single zooplankton 

{D. carinata I or M. australiensis) or a combination of frozen D. carinata and M. 

australiensis. The 45% protein diet (commercial diet-2) was selected as control diet 

(see Table 2.1 in chapter 2 for proximate composition of the diet). Fish were fed @ 3% 
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of their body weight (dry matter). The calculated feed was divided into two portions 

and fed twice a day, six days a week for four weeks. The experimental design is given 

in Table 4.2. 

Biochemical analysis 

Fish and zooplankton samples were stored at -20°C until analyzed. Triplicate samples 

of zooplankton {D. carinata and M. australiensis), and feed were subjected to 

chemical analysis (moisture, crude protein, fat, ash and phosphorus determination) (see 

chapter 2, section 2.1 for details of analytical methodology). At the completion of the 

experiment pooled fish samples were dried and ground using mortar and pestle for 

crude protein, fat, ash and phosphorus determination. Amino-acids of zooplankton was 

analyzed at the State Chemistry Laboratory, Melbourne. 

Heavy metals analysis 

The fish carcass was analyzed for the heavy metals (zinc, cadmium and lead) in order 

to ascertain the level of these contaminants which bioaccumulated as a result of feeding 

of sewage grown zooplankton. Samples were dried in an oven and crushed gently in a 

pestle and mortar. Dried samples were digested in analytical grade nitric acid (HNO3) 

at 100°C in a block heater (Corp and Morgan 1991). Metals were analyzed on a varian 

spectra AA-400 Flame Absorption Spectrophotometer with background correction 

using procedural blanks. 

Handling of data and statistical procedures 

Specific growth rate (SGR), food conversion ratio (FCR), protein efficiency ratio 

(PER) and apparent net protein utilization (ANPU) were calculated using appropriate 

formulae as described in chapter 2.6. All statistical analysis were performed following 

Zar (1984) as described in chapter 2.5. 
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RESULTS 

Proximate composition of zooplankton 

The proximate analysis of Daphnia carinata and Moina australiensis revealed that the 

sewage grown zooplankton had a very good biochemical composition (Table 4.3.). 

The protein content in D. carinata and M. australiensis were 54.34% and 64.80% 

respectively, which is higher than that of the control commercial silver perch diet. The 

lipid content were in the range of 7.29-7.73% (Table 4.3.). The percentage of 

phosphorus in the two species of zooplankton ranged fi-om 1.11-1.14%. 

Table 4.3. Proximate analysis of control diet and zooplankton (DopAn/a carinata and Moina 
australiensis) harvested from the Werribee Sewage Treatment Lagoons. 

Dry diet (control) D. carinata M. australiensis 
Cmde protein (%) 45.00 ±1.50 54.34 ±2.83 64.80 ±1.48 
Cmde fat (%) 08.50 ±0.49 07.29 ±0.03 07.73 ±0.06 
Cmde ash (%) 09.84 ±0.02 11.26 ±0.01 06.82 ±0.07 
Carbohydrate (%) 36.66 ±1.04 27.10 ±1.56 20.65 ±0.97 
Moisture (%) 09.88 ±0.10 92.87 ±0.09 93.72 ±0.11 
Nin-ogen(%) 07.20 ±0.50 08.69 ±0.31 10.37 ±0.17 
Phosphoms (%) 01.16 ±0.08 01.14 ±0.02 01.11 ±0.01 
Digestible energy (Kcai.kg-1) 5273 5250 5700 
DE/P(g.kc.i-') in 97 88 
'Values are mean+SE; n=3; 
^ o s s energy was calculated using kilocalorie values of 5.5/g protein, 9.1/g fat and 4.1/g carbohydrate (New 1987). 

Amino-acids content in zooplankton 

The amino-acid analysis reveals that both D. carinata and M. australiensis contained 

an appreciable amount of both essential and non-essential amino acids (Table 4.4.). 

Both species of zooplankton appear to be slightly superior in amino acid composition 

to commercial silver perch diet (control) although there was no statistical differences. 

The most limiting amino acids in feeds are lysine and methionine (New 1987); these 

two amino acids were present in higher concentration compared with levels in the 

control diet although the difference was not significant. The lysine content in D. 

carinata and M. australiensis were 3.35% and 3.34%, while control diet contained 

2.65%. 
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Table 4.4, Essential and non-essential amino acid composition of commercial diet-2 (control) and 
zooplankton harvested from the Sewage Treatment Lagoons and used in feeding trials (g. 100'^). 

Essential-amino acids 
Arginine (Arg) 
Histidine (His) 
Isoleucine (Iso) 
Leucine (Leu) 
Lysine (Lys) 
Methionine (Met) 
Phenylalanine (Phe) 
Threonine (Thr) 
Tryptophan (Try) 
Valine (Val) 

Commercial diet 

2.42 
1.29 
1.66 
3.25 
2.65 
0.80 
1.86 
1.68 
0.43 
2.36 

Non-essential amino acids 
Alanine (Ala) 
Asparatic acid (Asp) 
Cystine (Cys) 
Glutamine acid (Glue) 
Glycine (Gly) 
Proline (Pro) 
Serine (Ser) 
Tyrosine (Tyr) 

2.27 
2.42 
0.44 
6.36 
2.03 
2.03 
1.88 
1.17 

D. carinata 

3.37 
1.65 
2.60 
5.22 
3.35 
1.46 
2.52 
2.86 
0.71 
3.27 

3.23 
4.70 
0.71 
6.39 
2.48 
2.20 
2.82 
2.14 

M. australiensis 

3.01 
1.37 
2.67 
4.94 
3.34 
1.13 
2.67 
2.79 
0.76 
3.56 

3.77 
5.12 
0.60 
6.57 
2.59 
2.36 
2.62 
2.38 

Performance of silver perch fed on zooplankton 

Silver perch fed on the control diet (treatment-1) and on D. carinata (treatment-2) 

resuhed in a higher specific growth rate (P<0.05) compared with the SGR offish fi-om 

among the seven treatments (Table 4.5.). The gain in weight resulting fi-om feeding the 

control diet (treatment-1) and D. carinata (treatment-2) was not significantly different 

(P>0.05). Fish fed on either M. australiensis or a combination of M. australiensis 

showed comparatively less SGR (treatment-3, 4, 5, 7) compared with the control or D. 

carinata diets. The food conversion ratio (FCR) and protein efficiency ratio (PER) 

were significantly higher in fish on control and D. carinata diets compared to fish fed 

on other treatments (Table 4.5.). Similarly, ANPU was also significantly better with 

control and D. carinata diets compared with other treatments (P<0.05). 
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Chapter 4: Sewage zooplankton biochemistiy & pcrfomiance 

Effect of different feeding regimes on the chemical composition offish 

The carcass composition of fish at the end of experiments is shown in Table 4.6. In 

general, the moisture level was reduced whilst protein, lipid and ash content had 

increased compared to the initial values in all treatments. Fish fed on the control diet 

had higher protein and Hpids content than that of other zooplankton based treatments, 

whereas fish fed on zooplankton had higher ash and phosphorus content (P<0.05) 

compared with the control diet (Table 4.6). Fish received M Australianises based 

treatment had a lower protein and lipid content compared to D. carinata based 

treatments. 

Carcass analysis for heavy metals contaminants 

The carcass analysis revealed a lower level of zinc, cadmium and lead in carcass fed on 

sewage zooplankton than the concentration recommended in fish as food by the 

National Heahh and Medical Research Council (Table 4.7.). Fish fed on mixed 

zooplankton (treatment-4) had a higher level of zinc than that of other treatments 

(P<0.05). Cadmium levels was negUgible and there was no significant difference 

among treatments (P>0.05). 

DISCUSSION 

The proximate analysis of zooplankton harvested fi^om the Werribee sewage treatment 

lagoons (WSTL) revealed a very good biochemical composition for a fish food source. 

The protein levels in D. carinata and M. australiensis were 54.34% and 64.80%) 

respectively, which are close to that of other cladocerans (see Table 1.2.1, in chapter 

1.2 on biochemical composition of zooplankton). Previous studies have reported 

protein values in the range of 49.70% to 70% for Daphnia sp. (Blazka 1966; 

Yurokowski and Tabachek 1979; Watanabe et al 1983) and between 59.00% and 

77.85% for Moina sp. (Tay et al 1991; Creswell 1993). Indeed, the relative amount of 

protein varies greatly for fi-eshwater zooplankton (Vijverberg and Frank 1976). Both 
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Chiptei 4: Sewage zooplankton biochemistiy & perfonnance 

D. carinata and M. australiensis are the dominant species at the WSTL and could be a 

valuable source of protein for use m aquaculture. The higher protein levels observed 

(Table 4.3) in zooplankton may be linked to the nutrient rich sewage waters of WSTL. 

Vijiverberg and Frank (1976) reported a positive correlation between the nitrate and 

ammonium concentration in the water and the nitrogen content of zooplankton. 

Watanabe et al. (1983) analyzed various species of zooplankton, and reported 

13% lipid levels in Daphnia sp., and in the range of 12-27% for Moina sp.. The hpid 

content of both species of zooplankton of WSTL appears to be slightly lower 

(7.29-7.73%) compared to other species of zooplankton (see Table 1.2.1. in chapter 

1.2). The biochemical composition of fi-eshwater zooplankton is known to be 

extremely variable (Vijverberg and Frank 1976) and depends on the food eaten by 

zooplankton (Proulx and Noue 1985). The fatty acids composition ofD. carinata and 

M australiensis, was not analyzed in this study. However, Nichols et al. (1993) 

reported appreciable levels of both EPA (eicosapentaenoic acid) and DHA 

(docosahexaenoic acid) of zooplankton harvested fi-om WSTL. Tucker (1992) noted 

that Daphnia sp. could be deficient in DHA and Moina sp. deficient in both DHA and 

EPA. In general, the fatty acids composition of zooplankton are influenced by the fatty 

acids composition of their diet (Watanabe et al. 1983; Proulx and Noue 1985) and 

related to the seasonal succession of phytoplankton species in water bodies (Jeffries 

1970). It appears therefore, that the nutritional value of zooplankton may vary with the 

season. 

Phosphorus is an important element for growth and food conversion offish and 

dietary phosphorus is the main source for fish (Lall 1991). Proximate analysis showed 

that both species of zooplankton harvested fi^om the WSTL contained a desirable level 

ofphosphorus (1.11-1.14%) (Table 4.3.). Creswell (1993) and Watanabe etal (1983) 

reported 1.40-1.46% phosphorus in Daphnia sp. and 1.1-1.41% in Moina sp. Khan 

and Qayyum (1971) found that zooplankton grown in sewage or waste waters may 
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contain higher phosphorus and that this fact may be related to the efficient nitrogen 

and phosphorus removal capacity by zooplankton in wastewaters (Kawasaki et al. 

1992). The WSTL is also nutritionally enriched, therefore D. carinata and M. 

australiensis harvested fi-om that site may have caused the higher nitrogen and 

phosphorus content. 

Both D. carinata and M. australiensis revealed a well balanced composition of 

amino-acids which match the essential amino acids requirements of fish reported by 

Tacon (1990) and Creswell (1993). However, concentrations of some of the essential 

amino acids in D. carinata and M. australiensis harvested fi-om WSTL are lower than 

that of values reported by Yurkowski and Tabachek (1979), Hepher (1988) on 

Daphnia sp. and by Hepher (1988), Creswell (1993) on Moina sp. The lower values 

could be a result of seasonal variations (Holm and Walther 1988) or the foods eaten by 

the zooplankton (Watanabe et al. 1983) or the growing medium (Allen and Allen 

1981) (see Table 1.2.2 in chapter 1.2 for more information on amino-acids content of 

other zooplankton). Other researchers have found that the essential amino-acids 

content of zooplankton can meet the essential-amino acids requirement of fish, for 

example, essential-amino acids content in Daphnia pulex was found to be equal or 

greater than the requirement of chinook salmon (Yurkowski and Tabachek 1979). 

Both D. carinata and M. australiensis have a relatively similar composition of essential 

and non-essential amino acids (average 51.5% essential amino acids). Holm and 

Walther (1988) reported that 50.6% of amino acids in daphnids were essential amino 

acids. The cladocerans, D. carinata and M. australiensis were found to contain a 

relatively similar proportion of polar to non-polar amino acids, viz, 0.89 in D. carinata 

and 0.80 i n M australiensis. A higher proportion of polar to non-polar amino acids 

(1.57) was calculated for other species of daphnids by Holm and Walthier (1988) 

which could represent the better nutritional status of those species. 
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The performance resuhs obtained (Table 4.5.) indicate that silver perch may 

have a preference for D. carinata over M. australiensis although fijrther experiments 

would be necessary to confirm this hypothesis. The specific growth rate (SGR), food 

conversion ratio (FCR), protein efficiency ratio (PER) and Apparent net protein 

utilization (APNU) were significantly higher m fish fed on D. carinata (treatment-2) 

than in other zooplankton based treatments (P<0.05) (Table 4.5.). Fish that received 

M australiensis based feeding treatments had significantly lower SGR, FCR, PER and 

ANPU compared to resuhs obtained fi-om feeding offish of D. carinata. The SGR, 

FCR. PER of fish fed the control diet and D. carinata were similar (P>0.05). Jones 

(1995a, 1995b) observed a faster growth in crayfish {Cherax albidus) fed on Daphnia 

sp. than in those fed dry pellets. Similarly, carp and Atlantic salmon fed with 

zooplankton performed better than those fed formulated diets (Holm and MoUer 1984; 

Kamler et al. 1992). Herring and trout offered fi-ozen copepods assimilated more than 

90% of the dry matter in zooplankton (Sargent et al. 1979). Fish fed on fi-ozen 

zooplankton were found to be healthier (Sargent et al. 1979), resulting in good growth 

and survival in aquaculture (Dabrowski et al. 1984; Fermin and Boliver 1994). Confer 

and Lake (1987) established that yellow perch {Perca flavescens) have a higher affinity 

for Diaptomus sicilis than other species of zooplankton. Similarly, Atlantic salmon 

{Salmo salar) showed a preference for daphnids (Holm and Wahher 1988). This 

current study indicates that silver perch has a higher affinity for D. carinata over M. 

australiensis and performed equally to commercial diet. Furthermore, the species and 

their origin (Watanabe et al. 1978), and seasonal changes in the biochemical 

composhion in zooplankton could influence their nutritional value to fishes (Sadykhov 

etal 1975; JefBies 1979). Therefore further research on seasonal biochemical changes 

of zooplankton of WSTL would provide important information on the appropriate time 

of harvesting of zooplankton for use in aquaculture. 

The maximum PER values obtained with D. carinata (treatment-2) was 1.89. 

Trout fed on krill zooplankton {Euphausia sp.) had a PER of 1.92 (Koops et al. 1979) 

109 



Chapter 4 : Sewige zooplankton bioohenuatiy SL- perfonnance 

whereas with channel catfish it was 1.03 (Hilge 1979). Watanabe et al. (1983) fed 

rainbow trout with Daphnia sp. and Moina sp. and obtained a higher PER of 3.9 with 

Daphnia sp. and 2.6 with Moina sp.. These zooplankton were raised by artificially 

feeding nutritionally enriched foods which might have resuhed in the higher PER. It is 

noteworthy that silver perch fed sewage grown D. carinata showed encouraging 

performance resuhs as demonstrated by the significantly higher SGR, FCR, PER, 

APNU values over M. australiensis but these resuhs are not significantly different 

from those obtained with fish reared on the control commercial silver perch diet (Table 

4.5.). It has been reported that growth rate and feed efficiency were higher when trout 

were fed on Krillmeal than fishmeal (Koops et al 1979). Similarly, carp had a 

significantly higher SGR when fed with zooplankton than carp fed formulated diets 

(Kamler et al. 1992). All performance indicators such as SGR, FCR, PER and ANPU 

were better when carp fed on 50% Krillmeal suggesting that part of fish meal can be 

replaced with zooplankton (Lukowicz 1979). Future research should be conducted on 

part or fiill replacement of expensive fishmeal with zooplankton meal for rearing of 

silver perch juveniles. 

Rainbow trout fed on zooplankton, Euphausia pacifica showed a higher ash 

and lower fat content than those fed commercial diets (SpenelU 1979). Similarly, silver 

perch fed on zooplankton had significantly higher ash, and phosphorus and lower fat 

content in the present study (Table 4.6.). Koops et al (1979) also found a higher 

phosphorus content in fish fed on krillmeal (a zooplankton fi-om the Antarctica) than 

fishmeal. Carp were found to have accumulated more protein and lipid when fed on 

krillmeal than on artificial diet (Pfifener and Meske 1978). Koops et al (1979) found 

that trout fed on krillmeal had a higher retention of phosphorus than when fed on 

fishmeal based diet. Therefore, the resuhs of present study are comparable with 

previous studies conducted by SpeneUi (1979), and Koops et al. (1979). 
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Accurate data on the potential contaminants of zooplankton are of paramount 

important when fish were reared on sewage grown zooplankton as there could be 

some concern regarding the potential bioaccumulation of heavy metals in fish. 

However, silver perch fed on either D. carinata sp. or M. australiensis did not show 

higher zinc, cadmium and lead levels in the carcass in most treatments compared to 

control diets (Table 4.7.). Lukowicz (1979) reported a lower level of cadmium, lead, 

arsenic and mercury in carp fed on krillmeal. The results on the concentration of heavy 

metals demonstrate that zinc, cadmium and lead levels in the silver perch carcass are 

within the safe range as set out by the National Health and Medical Council of 

Australia (1987) for human consumption. This preliminary data may mdicate that 

zooplankton fi-om the Werribee Sewage Treatment Lagoons may be safe in the culture 

offish and other aquarium species though fiirther possibly seasonal investigation would 

be essential. 

It is concluded that zooplankton fi-om the Werribee Sewage Treatment 

Lagoons (WSTL) are rich in protein, essential amino acids, Hpid, and phosphorus 

content. Moreover, silver perch performed significantly better whh Daphnia carinata 

compared with Moina australiensis (P<0.05). The specific growth rate (SGR), food 

conversion ratio (FCR), and protein efficiency ratio (PER) were not significantly 

different compared to fish fed on control commercial silver perch diet and D. carinata 

(Table 4.5.). This may indicate that zooplankton could be an altemative diet for silver 

perch. 
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EFFECT OF DIET AND TEMPERATURE ON SOLID WASTE 
PRODUCTION IN THE AQUACULTURE OF SILVER PERCH 

INTRODUCTION 

Solid waste is defined here as waste feed (uneaten food and dust), and faeces 

containing mucus, discarded intestinal cells, and bacteria that may generate fi-om 

feeding and metabolic activities offish (Beveridge et al. 1991; Beveridge and PhiUips 

1993; Costa-Pierce 1996). The concentration of suspended soUds derived fi-om fish 

farms is an miportant and basic measure of effluent quality (Cripps and Kelly 1996). 

Knowledge of soUd waste production is essential to control possible aquatic pollution 

(Merican and PhiUips 1985) and to design proper guidelines for an ecological 

sustainable aquaculture programme (Cho et al. 1991). 

Production of solid waste fi-om aquaculture varies between different systems of 

rearing and fish species (Albaster 1982; Beveridge 1984), for example, waste loss 

could be substantial fi-om cage aquaculture amounting about 5-40% of food fed 

(Merican and Phillips 1985; PhiUips and Beveridge 1986). Faecal output fi-om the 

culture of salmonids, carp, and shrimps is reported to be 26-27% of ingested feed 

whereas for catfish it is 41% (Beveridge et al. 1991). SoUd waste contains nutrients 

(nitrogen and phosphorus) (Bergheim et al 1993; Cripps 1995) which may be released 

when environmental condhions, such as, pH, or temperature (Boersen and Westers 

1986; Pontius 1990; see also chapter 8) are appropriate and thereby cause 

eutrophication or water pollution of the receiving waters (Kelly 1993; Ackefors and 

EneU 1994). The amount of solid waste load in receiving waters is influenced by the 

type of diet fed to the farmed species (Warren-Hansen 1982) and could be higher with 

moist diets than with extruded diets (Stewart 1997). Among other factors, feeding 
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rates (Liao 1970; Butz and Vens-CappeU 1982; Merican and Phillips 1985), the 

digestibility of diets, food conversion ratio, peUet size (Kilambi et al 1976; Merican 

and Phillips 1985), process technology (e.g. extruded diets), feeding practice (Blyth 

and Burser 1993), the level of fat in the diet (Eikebrokk et al. 1991; Bergheim and 

Asgard 1996) and rearing temperatures (Kilambi et al. 1976) may determine in the 

quantity of solid output. 

UntU now there have been no attempt to study the amount or types of waste 

entering the environment fi-om the rearing of sUver perch or other species in Australia 

(Kibria, et al. 1997a). This is important smce a review of literature clearly 

demonstrates that interest and investment in silver perch farming is increasing and 

silver perch is a major native aquaculture industry in the country (Kibria et al 1996a). 

Moreover, research in Europe and North America demonstrates a strong correlation 

between water pollution and the loading of soUd waste fi-om fish farms (see chapter 

1.3, soUd waste production). This chapter describes the first in a series of planned 

experiments to study waste production fi-om rearing of the silver perch. The objectives 

of present rearing trials were to compare the amount of suspended and dissolved solid 

waste load fi-om feeding and to quantify solid waste production by B. bidyanus at 

different rearing temperatures. 

MATERIALS AND METHODS 

The experiment was conducted in the wet laboratory at the Victoria University of 

Technology. Fish for experiments were purchased fi-om a local native fish farm and 

were acclimatized in the laboratory in large holding tanks for four weeks before use in 

experiments (see chapter 2). Two experiments were conducted to study the production 

of solid waste. The first preliminary experiment was conducted to evaluate the effects 

of feeding on the production of suspended and dissolved soUds. In this study, fish were 
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reared at room temperature (18-20°C) and fed two diets (diet-1 and diet-2) and the 

resulting solid waste load was quantified without separating uneaten food fi-om faeces. 

The second experiment was conducted to observe the effect of three temperatures 

(20°C, 25°C and 30°C) on the quantity of uneaten food and the production of faecal 

waste. In the second experiment, silver perch were fed three diets (diet-1, diet-2 

diet-3) (details on the proximate composition of the three diets are given in Table 2.1, 

in chapter 2.). In both experiments, fish were fed on silver perch crumbles/starter @ 

3% of their body weight. The calculated feed was divided into two portions and fed 

twice a day, six days a week for four weeks. Fish were acclimatized and water quality 

in aquaria was maintained similarly as mentioned in chapter 2. 

Preliminary experiment 1 : Effects of feeding on the production of suspended and 
dissolved solids 

In this experiment, individual fish (av. weight 2,050 mg) were kept in separate aquaria 

(30 x 16 xl7 cm) and fed on two commercial diets, diet-1 and diet-2. Ten aquaria were 

allocated per diet to study the load of suspended and dissolved solids produced over a 

four week period. Each aquarium was siphoned once every morning using a 5 mm 

hose to collect both uneaten food and faeces. Collected solids were fihered first 

through a fast fiher (Whatman 512) and later through a standard 0.45 |im glass fibre 

fiher (APHA 1989). The residue retained on both fihers was dried in an oven at 100°C 

for 1 hour, cooled in a desiccator and weighed using an analytical balance. The 

increase in weight was defined to be the total suspended solids and is expressed as 

suspended solids/fish. The filtrate from the total suspended soUds was used for total 

dissolved sohds determination following APHA guidelines (APHA 1989). An aliquot 

of the fihered sample was dried to constant weight in an oven at 180°C, cooled in a 

desiccator and weighed (APHA 1989). The increase in dish weight was considered as 

representative of the total solids (APHA 1989). Unfed fish (control) were kept in 

separate aquaria to compare suspended and dissolved solid production compared to 

fed fish. 
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The total dissolved solids was calculated using the following formula 

Total dissolved solids (mg/1) (A - B - n x lOOn (APHA 1989; Adams 1990) 
sample volume, ml 

where : 
A = weight of dry residue + beaker, (mg); 
B = weight of beaker, mg; 
C = blank (final weight of blank beaker - initial weight of 
blank beaker) 

Experiment 2 : Effects of temperature on the production of uneaten food and 
faeces 

Silver perch juveniles (mean weight 688 mg) were reared in aquaria (30 x 16 xl7 cm) 

for four weeks to study the effect of temperature on solid waste production at 20°C, 

25°C and 30°C and fed on three commercial diets referred to as diet-1, diet-2 and 

diet-3 (see Table 2.1 for proximate composition). Fish were stocked at the rate of four 

per aquarium, and six aquarium were aUocated for testing the effect of each diet at 

each temperature, i.e., 24 fish per diet per temperature. Fish were fed at the rate of 3% 

of their body weight. The calculated feed was divided into two portions and fed twice 

a day (0900 and 1400), six days a week for four weeks. 

Aquaria were siphoned with a 5mm hose each morning and each evening to 

collect accumulated faecal peUets, and before and after each feed in order to collect 

and separate fractions of faeces and uneaten food. Collected faeces and food were 

centrifijged (Econospin-Sorvall Instruments) at 2000 r.p.m. for 10 minutes to separate 

solids from the liquid (Law 1984; Hajen et al. 1993). The supernatant was discarded 

and solids were dried in an oven overnight at lOO^C. Dried samples were pooled to 

determine the amount of solid waste (uneaten food and faeces) per diet and per 

temperature since sample quanthy was small. 
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RESULTS 

Preliminary experiment at room temperatures 

In the preliminary experiment with two diets, diet-2 resuhed in slightly higher growth 

and feed conversion than diet-1 ahhough the resuhs were not significantly different 

(P>0.05). Marginally less suspended and dissolved solid waste was produced by fish 

fed diet-2 (Figure 5.1. and Figure 5.2). Suspended sohd waste production fi-om diet-2 

and diet-1 was 350 mg • fish'i and 400 mg • fish'i, respectively but the results were not 

significantly different (P>0.05). The dissolved soUds produced were 1,647 mg • 1'̂  with 

diet-2, and 1,711 mg • 1"̂  with diet-1. Unfed fish (control) produced the least amount 

of suspended and dissolved solids and this was significantly different fi-om that 

produced by the fed fish (P<0.05) (Figure 5.1, 5.2). 

Solid waste (uneaten food and faeces) production at 20^C, 25^Cand30^C 

The solid waste produced at the three rearing temperatures (20°C, 25°C and 30°C) is 

shown in Table 5.1. The results demonstrate that total soUd waste production (uneaten 

food plus faeces) in silver perch was significantly higher (P<0.05) when fish were 

reared at 20°C compared with the waste fi-om fish reared at 25°C. At 20°C, the 

dominant waste was uneaten food whereas at 25 °C all food offered was consumed by 

the fish. At 30°C a small fi-action of food (5%) remamed uneaten. The faecal 

production was in the order of 30°C>25°C>20°C and similarly a higher faecal 

nitrogen and faecal phosphorus loss was also observed at 30°C (see chapter 6 and 7). 

The estimated sohd waste produced at 20°C, 25°C and 30°C were 549 kg • tonne'i, 

284 kg • tonne"! and 393 kg • tonne"i fish production respectively (P<0.05). Diet-2 fed 

to fish resuhed less soUd waste compared to diet-1 and diet-3 at aU temperatures 

though the difference of fish fed the three diets was not significant (P>0.05) (Table 

5.1). 
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Figure 5.1. Suspended solids produced by silver perch juveniles 
(2.00-2.13g) fed two diets in preliminary experiment and reared 
for 28 days at 18-20 degree celcius. The control group was unfed. 
Suspended solids production was significantly lower with control 
group (P<0.05) (mean±SE; n=10). 

* denotes significantly different 
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Figure 5.2. Dissolved solids produced by silver perch juveniles 
(2.00-2.13g) fed two diets in preliminary experiment and reared 
for 28 days at 18-20 degree celcius. The control group was unfed. 
Dissolved solids production was significantly lower with control 
group (mean+SE; n=10). 

* denotes significantly different 
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DISCUSSION 

The present trials measured the production of sohd wastes fi-om silver perch juveniles 

reared in glass aquaria. In the preluninary experiment, diet-2 produced less suspended 

and dissolved soUd waste (Figure 5.1, 5.2) in comparison to fish fed on diet-1 although 

this difference was not significant (P>0.05). LaU (1991) reported that mgredients 

containing a high concentration of fibre, chitin and indigestible carbohydrate may 

increase the excretion of suspended soUds. It has been reported by Asgard et al. (1986) 

that even in balanced feed about 15-20% of eaten food is indigestible. The preliminary 

experiment was carried out at lower temperatures (18-20°C) and at low temperature 

fish must be less active resulting in poor food intake and consequently increased more 

solid waste production. Rearing of silver perch at a higher growth temperature could 

be a means of reducing sohd waste discharge mto the environment. The next 

experiments was therefore conducted at higher than ambient temperatures, since 

optimum temperature for silver perch is reported to be in between 20°C and 30°C 

(Barlow 1986) and resuhs in chapter 3. supports Barlow's results as higher growth 

was achieved at a temperature above of 20°C. 

In the second experiment, silver perch showed significantly higher solid waste 

load at 20°C compared with the waste load at 250C and at 30°C (<0.05). At 20°C, a 

substantial amount of food (25% of food) offered was uneaten resuhing in a higher 

solid waste load to the environment. This may be related to lower feed intake at 20°C 

compared with the feed mtake at 25°C and 30°C. At 25°C, all food offered was eaten 

by the fish while at 30°C only a small amount of food was uneaten. Thus supporting 

the view that the optimum grov^ng temperature of silver perch is around 25°C. The 

feed loss fi-om salmon and trout culture is reported to be 1-30% of food fed, which 

depends upon the system of culture, type of feed fed and other management practice 
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(Beveridge et al. 1991). It is fiirther reported that feed losses as uneaten food is much 

higher in cages than in tanks or ponds (Beveridge 1984; Merican and Phillips 1985). 

Faecal production was found to be higher at 30°C compared to 25°C, this 

could be due to better digestibility at 25°C. The rate of digestion in fish is known to 

vary whh temperature (National Academy of Sciences 1977; Webb 1978) and in 

particular, nutrient in feed are more digestible up to a certain temperature (Stickney 

and Lovell 1977). Cho and SUnger (1978) showed that the digestibility coefficient did 

not improve with increasing temperature greater than 15°C for rainbow trout. 

Interestingly, digestibUity of total nutrients "by common carp increased whh increasing 

temperature, but beyond the optimum temperature, digestibility of protein remain 

unchanged or decreased (Shcherbina and Kazlauskene 1971). The typical faecal 

production in carnivorous fish is 250 to 259 g • kg'i food fed (dry weight) and higher 

in omnivorous/herbivorous species (Butz and Vens-Cappell 1982; Beveridge and 

Phillips 1993). The faecal production in the current study was 136-222 g • kg'i food 

fed and 178-225 g • kg'i food fed at 25°C and 30OC respectively (Table 5.1.). The 

restricted feeding regime adopted in this experiment may have resulted in a lower 

faecal production of silver perch. The faecal production in fish was reported to 

increase at higher feeding rates (Butz and Vens-Cappell 1982). It is also reported that 

the quantity of uneaten food, and faecal production could vary with species, type of 

food fed (trash, moist and dry) and may be influenced by body size and season of 

culture (Beveridge and Phillips 1993). Therefore, small silver perch juveniles and dry 

feed fed to fish may be other reason of lower faecal production obtained in the current 

study. 

The main solid output found in this study consists of uneaten food and faecal 

peUets, which is similar to resuhs of previous researchers (Kendra 1991; Kaushik 1992; 

Pillay 1992). The maximum solid waste production obtained whh sUver perch at 20°C 

was 549 kg- tonne-i and the minimum 284 kg- tonne-i at 25°C (P<0.05) in the current 
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Study. Though solid waste production from rearing of fish ranges widely fi-om 289 to 

2153 kg- tonne-i (NCC 1990), the more reliable estimate appears to be 510±210 kg 

solids of each tonne offish produced (lOA 1990) (see also Table 1.3.2 in chapter 1.3). 

The typical example of solid waste fi-om aquaculture of rainbow trout was reported to 

be 290-655 kg- tonne-i (PhiUips et al. 1990). The solid waste production in the present 

study whh sUver perch is within the range of the reported value. Cho et al. (1991) 

reported solid waste production from brown trout {Salmo trutta) culture to be 204 kg • 

tonne-i and suggested that use of high nutrient diet (HND) or "low pollution dief can 

reduce solid load farther to 183 kg - tonne-i fish production. They suggested that 

modifications of diet formulations and re-examining the feeding strategies could reduce 

solid waste load from aquaculture. 

In the present study, lower solid waste load obtained at 25*-'C may indicate that 

fish all being reared close to their optimum temperature may produce less solid output 

to the environment. In addition, the restricted feeding strategy adopted here may have 

further reduced sohd output since a study by Ballestrazzi, et al. (1994) demonstrated a 

reduction of waste output with restricted feeding in sea bass. Diet-2 fed to fish resuhed 

in the lowest solid output at each temperature regime (P>0.05) which is most likely 

related to the extruded nature of the diet. This view is supported by previous 

observations that extruded diet/ingredients improves the utilization of foodstuffs and 

lead to reduction in suspended soUds in the water (Johnsen and Wandsvik 1991). To 

reduce pollution load fi-om fish feed, improvement in feed conversion ratio (FCR) is of 

utmost important (Alsted 1991). Previous studies have indicated that high energy diet 

reduce the solid waste load by improving the feed conversion and by increasing 

digestibility of organic matter (Johnsen and Wandsvik 1991). The FCR was found to 

be significantly better in fish reared at 25°C (P<0.05) compared to that in fish reared at 

30°C and 20°C (see chapter 3). The better FCR obtained at 25°C may possibly have 

caused less solid output at 25°C. 
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It is concluded that m the prehminary trials, diet-2 gave a sUghtly higher gain in 

weight and FCR to fish compared to diet-1 which may have caused less suspended and 

dissolved solid waste to the environment. In addhion the present resuhs show that 

silver perch reared at 25°C resulted significantly less solid waste output than either 

30°C and 20°C (P<0.05), which indicates that the culture of fish close to their 

optimum temperature could be a sunple means of reducing solid waste to the 

environment. 
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EFFECT OF TEMPERATURE ON NITROGEN LOSSES AND NITROGEN 
RETENTION IN SILVER PERCH 

INTRODUCTION 

In intensive aquaculture, sufficient nitrogen is provided through feed to promote a 

good growth of fish. However, feeding in excess of requirements is uneconomical and 

may deteriorate the water quality (Poxton 1992). In order to maximize the nitrogen 

retention and minimize the nitrogen load to the environment, it is essential to provide 

the optimum level of protein (N x 6.25) to the cultured fish (Cho 1993). Generally, 

nitrogen absorbed in excess of requirements may be excreted as ammonia and the rate 

of excretion depends upon consumption rate (Rychly 1980; Kaushik and Cowey 1991), 

water temperature (Jobling 1981; Beveridge and Phillips 1993), body size of fish 

(Jobling 1981; Beveridge and Phillips 1993), protein content of the diet (Rychly 1980) 

and the species cultured (Beveridge and PhiUips 1993). 

There are few studies on nitrogen pollution from feeding of fish (Handy and 

Poxton 1993). GUI excretion and faecal output are the main routes of nitrogen loss 

from fish (Smith 1929; Fivlstad et al. 1990). The additional route of nitrogen loss is via 

uneaten food or food fine (Bergheim and Asgard 1996). The urinary mtrogen loss in 

fish (via kidneys) is minimal accounting for 2-14% (Smhh 1929; Evans 1993). 

Nitrogen is a limiting nutrient in the aquatic system, and an abundance of nitrogen may 

cause algal blooms or eutrophication in waterbodies receiving fish farm effluents, 

resuhing in the fluctuation of oxygen and pH levels (Phillips and Beveridge 1986; Laird 

and Needham 1988). As a consequence, there are regulations on the level of nitrogen 

that can be released as fish farm effluents to coastal waters in some countries (Handy 

and Poxton 1993). Moreover, to overcome the deleterious impacts of mtrogen 

pollution, the mtrogen content in commercial feed have been reduced in Nordic 

countries (EneU 1995). 

126 



Chapter 0 Nitrogen pollution 

The mtrogen pollution from ingested food can be minimized, if adequate 

nitrogen is absorbed by the gut and a substantial quanthy of absorbed mtrogen is 

retained by the tissues. The amount of nitrogen retained can be quantified through 

nitrogen assimilation efficiency (N absorbed / N ingested) (Handy and Poxton 1993). 

Indeed, mtrogen retention is a good indicator of the growth offish (Gerking 1955) and 

is a usefiil means of evaluating a diet. The nitrogen retention and nitrogen loss ratio 

also allows a quantification of the amount of nitrogenous wastes entering into an 

environment. There is a need to reduce mtrogen losses from aquaculture since studies 

made in other countries have found a strong relationship between water pollution and 

discharge of nitrogen from fish farms (see chapter 1.4, on mtrogen pollution). 

Although aquaculture is an infant industry in Australia it is expanding because 

of an increase in interest and investment for culturing silver perch (Kibria et al. 1996a). 

To date, there has not been any research on nitrogen losses and nitrogen retention 

from the aquaculture of silver perch though such information are vhal to assess dietary 

protein utilization by fish (Kaushik et al. 1984) and to quantify nitrogen load into an 

environment. The present study was an attempt to study nitrogen loss and nitrogen 

retention by silver perch, Bidyanus bidyanus at 25°C and 30*^C. 

MATERIALS AND METHODS 

Silver perch juveniles (av.size 656 gm) were bought from a local native fish farm and 

acclimatized similarly as mentioned in chapter 2. They were reared in glass aquaria (30 

X 16 X 17 cm) at two temperatures, 25°C and 30^C. These temperatures were selected 

since fish reared at 25°C and 30°C showed better growth and less solid waste output 

in earlier experiments (see Chapter 3 and Chapter 5). Fish were fed on three 

commercial silver perch diets (silver crumbles/starter) at the rate of 3% of their body 

weight. The feed was divided into two portions and fed twice a day (at 0900 and 1600 

hours), six days a week for four weeks in order to study the mtrogen losses and 
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nitrogen retention by silver perch. The three diets referred to as diet-1, diet-2 and 

diet-3, contained 53%, 45% and 36% protein respectively (see Table 2.1. for 

proximate composition of the three diets). Fish reared at 25°C had significantly better 

food conversion ratios (FCR) than fish reared at 30°C (P<0.05). Of the three diets fed 

to fish, fish fed diet-2 showed a trend of slightly better FCR than other diets (P>0.05). 

Fish were stocked at the rate of four fish per aquarium and each diet had six 

replicates., i.e., 24 fish per diet per temperature. The water quality was maintained 

similarly as described in chapter 2. Each aquarium was siphoned a number of times per 

24 hours to collect faeces by using a 5 mm hose. It includes siphoning of aquarium 

soon before the feeding and 5-10 minutes after the feeding in order to remove any 

uneaten food. Collected faeces were first centrifliged at 2000 r.p.m for 10 minutes to 

separate solids from the liquid (Econospin-Sorvall Instruments), the supernatant was 

discarded and the precipitate was dried in an oven at 100°C (Law 1984; Hajen et al. 

1993). Water in aquaria was sampled every morning using a plastic syringe to record 

the daily variations in ammonia concentrations (total ammonia nitrogen) with respect 

to temperature and diets fed to fish. An hourly pattern of ammonia excretion was also 

recorded by analyzing aquaria water at two hourly intervals for 24 hours on three 

consecutive days (at the end of above trial). The nitrogen balance is determined from 

the proportion of nitrogen absorbed into the tissues from the food (nitrogen gain) and 

metabolic output (nitrogen loss) ; 

N balance = N consumed - N retained - N excreted - Faecal N (Hall et al. 
1992). 

The nitrogen intake of fish was calculated from the mtrogen content of the feed and 

amount fed to fish. 

Samples were weighed using an analytical balance (Mettler AE 200). Proximate 

analysis offish, and faeces (moisture, mtrogen, fat, carbohydrate, ash and phosphorus) 

128 



Cliaptei 0; Nitrogen pollution 

was done foUowing AOAC (1990a, 1990b) (see chapter 2 for methodology). The 

mtrogen retained in the fish carcass was determined by subtracting initial nitrogen 

content in the carcass from the final carcass nitrogen content (Brown et al. 1993). 

Ammonia in water was determined with a Tecator flow injection analyzer (Aquatec 

5400 analyzer) following the Aquatec instruction manual (Tecator 1990) (see chapter 

2.2, for details on methodology). 

Mean, standard deviation and standard error of nhrogen losses and nitrogen 

retention per diet were calculated foUowing Zar (1984). One way analysis of variance 

(ANOVA) were used to compare mtrogen retention and nitrogen losses at 25^C and 

30°C since there was no significant differences in nitrogen retention of three diets fed 

to fish. All calculations were performed on an IBM compatible MS Excel programme 

(version 5,0). 

RESULTS 

Hourly patterns of nitrogen excretion 

The hourly patterns of ammonia excretion is presented in Figure 6.1. The figure shows 

that there was a sharp increase of ammonia level soon after a meal and a linear 

decrease during the remaining 24 hours. The rate of ammonia excreted was affected by 

the protein level of the diet. Fish fed diet-1 containing 53% protein showed a trend of 

slightly more ammonia excretion than fish fed either 45% and 36%, although there was 

no significant difference in the hourly ammonia excretion rate of the three diets fed to 

fish (P>0.05). 

Daily patterns of ammonia excretion 

In a comparison of the three diets, there was trend for diet-1 to be discharge more 

ammonia compared to fish fed diet-2 and diet-3, though differences in daily ammonia 

excretion between the three diets were not significantly different (P>0.05) (Figure 6.2, 

6.3). The daily ammonia excretion rate increased whh increase in temperature and was 

significantly higher at 30°C (P<0.05) (Figure 6.4.). 

129 



300 

200-

I 

100-

0 

Peak-1 

T \ \ 
O (N ^ 

Meal-1 

Diet-1 

Diet-2 

Diet-3 

Diet-1 

Diet-2 

Diet-3 

r T r I I I 
^ 00 o 

Meal-2 ^ ^ ^ ^ 

Time (hours) 

T 
00 o 

Figure 6.1. Postprandial patterns of ammonia excretion by silver perch 
juveniles fed three diets and reared at 25 degree celcius. There was no 
significant difference in hourly ammonia excretion in fish fed on the three 
diets (P>0.05). The protein content of the three diets are : Diet-1(53%) 
diet-2(45%), and diet-3(36%) (mean+SE; n=3). 
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Figure 6.2. Day to day variation in ammonia excretion by silver perch 
juveniles fed three diets and reared at 25 degree celcius. There was no 
significant difference in ammonia excretion in fish fed on the three diets 
at 25 degree celcius (P>0.05) (mean+SE; n=6). 
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Figure 6.3. Day to day variation in ammonia excretion by silver perch 
juveniles fed three diets and reared at 30 degree celcius. There was no 
significant difference in ammonia excretion in fish fed on the three diets 
at 30 degree celcius (P>0.05) (mean±SE; n=6). 
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Day 
Figure 6.4. Day to day variation of ammonia excretion by silver perch 
juveniles reared at 25 and 30 degree celcius. Ammonia excretion was 
significantly higher at 30 degree celcius (P<0.05) (mean+SE; n=18). 

* denotes significantly different 
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Faecal nitrogen loss 

There was a positive correlation between nitrogen intake and faecal nitrogen losses in 

silver perch and a linear regressions could be plotted (Figure. 6.5, 6.6 and 6.7.). The 

faecal nitrogen loss was affected by the protein content of the diet and the temperature. 

Fish fed on a higher protein diet (diet-1) discharged more faecal nitrogen than diets of 

lower protein content (diet-2 and diet-3) at the same temperature. Similarly, fish at 

30°C discharged more faecal nitrogen than fish reared at 25 °C, the average faecal 

mtrogen loss at 30°C was 9.86% whereas at 25°C h was 5.84% of nitrogen intake 

(Table 6.1.). 

Nitrogen retention 

The nitrogen retention in silver perch was significantly higher at 25°C than at 30°C 

(P<0.05). At 25°C, silver perch retained 43.1% of ingested nitrogen and at 30°C 

nitrogen retention was 29.4% of ingested nitrogen (Table 6.1.). Of the three diets fed 

to silver perch, diet-2, showed a trend of higher nitrogen retention at both 25°C and 

30°C though the differences were not significant (P>0.05). 

DISCUSSION 

Maximum ammonia nitrogen excretion in silver perch was found soon after the first 

meal. A similar trend was found in trout by Rychly (1980). There appear to be two 

peaks of ammonia excretion soon after feeding of each meal to silver perch in this 

experiment (Figure 6.1.). Kaushik (1981) also reported two peaks of nitrogen 

excretion in rainbow trout (Oncorhynchus myskiss) fed on two meals. Similarly, cod 

{Gadus morhus) showed two peaks of ammonia excretion fed on two meals 

(Ramnarine et al. 1987). The hourly patterns of ammonia excretion observed in silver 

perch was similar to the observations made on other species (Brett and Zala 1975; 

Dabrowski and Kaushik 1984; BaUestrazzi et al 1994), who reported that 

post-prandial excretion rate increases rapidly after a meal before returning slowly to 
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Nitrogen intake (mg) 

Figure 6.5. The relationship between nitrogen intake and faecal nitrogen 
loss from feeding of diet-1 to silver perch at 25 degrees. Diet-1 contained 
53% protein. 

3.6-

B 

Nitrogen intake (rag) 

Figure 6.6. The relationship betweeen mtrogen intake and faecal nitrogen 
loss from feeding of diet-2 to silver perch at 25 degrees. Diet-2 contained 
45% protein. 

3-

Nitrogen intake (mg) 

Figure 6.7. The relationship between nitrogen intake and faecal nitrogen 
loss from feeding of diet-3 to silver perch at 25 degrees. Diet-3 contained 
36% protein. 
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the pre-feeding level. Moreover, the amplitude and time of appearance of peak rates 

are known to depends upon the size of fish, amount of nitrogen intake and water 

temperature (Kaushik and Cowey 1991). BaUestrazzi et al. (1994) found that hourly 

ammonia excretion in the sea bass increased whh increasing protein level, and that it 

was affected by the timing of the meal though there was no significant differences in 

mtrogen excretion of diets containing 41%, 48.6% and 53.6% protein. Similarly silver 

perch fed diet-1 (53% protein) showed maximum ammonia excretion compared to fish 

fed diet-2 (45% protein) and diet-3 (53% protein) although the excretion rate was not 

significantly different (P>0.05) (Figure 6.1.). 

The daily ammonia excretion whh silver perch was found to be significantly 

higher at 30°C than at 25^0 (P<0.05) (Figure 6.4.). Kaushik (1981) and Jobhng 

(1981) also reported an increase of ammonia excretion of rainbow trout {Salmo 

gairdneri) and young plaice, Pleuronectes platessa reared at higher temperature. 

Similarly, Japanese flounder released more ammonia at 25°C than at lower 

temperature in the order of 25°C>20°C>16°C (Kikuchi et al 1995). Therefore the 

resuhs obtained in this study with silver perch also agree with the findings of other 

researchers that at a higher temperature there was a higher ammonia excretion (Jobling 

1981; Kaushik 1981; Kikuchi et al. 1995). A rise in temperature increases plasma 

ammonia excretion which increases the level of ammonia through renal and branchial 

paths (Pequin and Serfaty 1968); thus both hourly and daily patterns of nitrogen 

excretion can be affected (Kikuchi et al. 1995). Indeed, nitrogen excretion in fish can 

be used to evaluate the diet (Cho 1993) and the dietary protein utilization (Kaushik et 

al. 1984). Most of the nitrogen in fish is excreted in the form of ammonia and the 

amount of excretion varies depending upon body weight (Jobling 1981; Kikuchi et al. 

1990), species (Davenport et al 1990), temperature (Beveridge and Phillips 1993; 

Jobling 1981; Kelly et al 1994; Rowland 1996), nitrogen intake (Rychly 1980; 

Kaushik and Cowey 1991), protein content of the diet (Iwata 1970; Ogino et al. 

1973a; Rychly 1980), quality of diet (Dosdat et al. 1995; Lanari et al. 1995a), 
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protein/energy ratio (Gallagher and Matthews 1987), feeding rates (Dosdat et al. 

1995), rearing conditions (Fromm and GiUette 1968; Olson and Fromm 1971; 

Sukumaran and Kutty 1977), pH and dissolved oxygen level (Brett and Zala 1975; 

Maetz 1972). The present study also confirms that temperature, protein content of the 

diet and nitrogen intake could affect the quantity of nitrogen excretion in silver perch 

(see Figure 6.2, 6.3, 6.4, 6.5, 6.6, 6.7). 

In the present study, the main path of nitrogen losses were via gill excretion 

(85.7%-90.2%) and faeces (9.8%-14.3%). This is comparable to previous research 

where the reported nitrogen loss via giU excretion was 80%-90% (Wood 1958; Sayer 

and Davenport 1987) whereas nitrogen loss through faeces was between 10%-20% 

(Fivlsad et al. 1990). Nitrogen lost from aquaculture could stimulate algal growth 

(Ryther and Dunstan 1971; Carr and Goulder 1990a, 1990b), bring a change in the 

chemistry of the recipient waters (Albaster 1982; Munro et al. 1985) and may change 

the benthic environment (Merican and Phillips 1985). The nitrogen excretion in fish 

can be reduced by increasing energy content and decreasing the content of protein in 

the diet (more information on reduction on nitrogen discharge is given in chapter 2.4). 

For example, a reduction of ammonia excretion from 35 to 22 kg/t fish and faecal 

nitrogen loss from 11% to 8% was achieved from the feeding a high energy diet to 

salmon (Johnsen et al. 1993). It is beheved that when the protein supply is in excess of 

requirements or when the amino acid profile does not corresponds to the requirement 

of the fish, the excess nitrogen supplied through feed will simply be excreted 

(Bergheim and Asgard 1996). The present study also demonstrated that the discharge 

of nitrogen via gill excretion and faecal loss by silver perch fed on commercial diets 

could be substantial (Table 6.1), therefore research on the optimum protein 

requirements of silver perch is essential in order to reduce the nitrogen output into the 

environment. 

138 



dupter 6 : Nitrogen pollution 

In the present study faecal nitrogen loss was found to be related to the amount 

of nitrogen in feed, for example, the diet containing higher nitrogen also produced 

more faecal nitrogen in silver perch (Figure 6.5, 6.6, 6.7.). Ogino et al. (1973a) 

reported a higher faecal nitrogen losses in carp fed on a diet containing higher nitrogen 

diet. A linear relationship between the nitrogen intake and faecal nitrogen release was 

also found in crucian carps by Iwata (1970) and Nose (1967). Ogino et al. (1973 a), 

Kim (1974) and Nose (1967) reported a linear relationship between the faecal nitrogen 

loss and the protein content of the diet fed to carp and rainbow trout respectively. 

Silver perch raised at 30°C released significantly more faecal nitrogen than raised at 

25°C and the faecal nitrogen losses at 25°C and 30°C were 5.68±0.4% and 

9.86±0.5% of nitrogen intake respectively (P<0.05). The rainbow trout, flounder and 

carp released more faecal nitrogen at higher temperature than at lower temperature 

(Ogino et al. 1973 a; Kaushik 1981; Kikuchi et al. 1995) and in general the metaboUc 

faecal nitrogen excretion in fish increases whh an increase in temperature (Kim 1974; 

Hepher 1988). The faecal nitrogen loss in fish (rainbow trout, tropical species) is 

reported to be in the range of 13-15.7% of nitrogen intake (Kaushik 1980; Beveridge 

and PhiUips 1993) whereas in sea bream the loss of nitrogen through faeces was from 

5.5 to 13.6% (Porter et al. 1987). Values of faecal nitrogen loss obtained in this study 

falls whhin these reported resuhs. In short, the faecal nitrogen loss could be one-third 

of nitrogen excreted by fish (Porter et al. 1987). 

Silver perch reared at 25°C showed significantly higher (P<0.05) nitrogen 

retention than reared at 30°C (Table 6.1). This may be related to the better FCR and 

better growth obtained at 25°C (see chapter 3 for silver perch growth at 25°C). It has 

been suggested that fish grown above their optimum temperature may have a lower 

food conversion efficiency due to lower appethe and growth of fish (Brett 1979; 

Cossins and Bowler 1987) and these may have resuhed to the lower nitrogen retention 

at 30°C whh silver perch. Furthermore, the better nitrogen retention at 25°C may have 

been due to significantly lower nitrogen excretion observed at this temperature (Figure 
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6.4.). It is known that temperature, diet, and body weight of fish could play a 

significant role in nitrogen retention in fish (Cho 1993). Kaushik and Oliva-Teles 

(1985) observed that rainbow trout utilized diets more efficiently at their optimum 

temperature signifying that at optimum temperature there appears to be better 

digestibility and better nutrient retention. The diet and its composition is another 

important factor determining the nitrogen retention efficiencies. For example, extruded 

diets resulted in much higher nitrogen retention in rainbow trout than normal diets 

(Lanari et al. 1995a, 1995b). The mtrogen retention with extruded diets was 46-49% 

while with normal diet varied between 35-36.5% (Lanari et al. 1995a). In the current 

experiment, however extruded diet, diet-2 did not resuh significantly higher nitrogen 

retention in sUver perch compared to other two diets fed to fish (P>0.05). Therefore, 

further experiment may be conducted to see whether diet-2 resuh significantly better 

nitrogen retention when reared for longer period. 

A study conducted by Lanari et al. (1995a) demonstrated that the diet which 

resuhed in better growth and FCR also resulted in maximum mtrogen retention in 

rainbow trout. The nitrogen retention in rainbow trout was reported to be higher with 

a diet higher in protein content (Rychly 1980). In the current experiment, diet 

1-containing 53% protein did not resuh in higher nitrogen retention in sUver perch, 

which may indicate that protein requirement of silver perch is lower than 53% and this 

may be related to lower weight gain, SGR, and FCR obtained with diet-1 in eariier 

experiments (see chapter 3; and Kibria et al. 1997a). 

It is concluded that the above experiments on mtrogen losses and nitrogen 

retention shows that culture of fish at their optimum temperature may enhance 

nitrogen retention and a reduction in the discharge of nitrogen to the environment. In 

addition, silver perch reared at 25^C resulted significantly higher nitrogen retention 

(43.1%) than reared at ZQ^C (29.4%) (P<0.05). 
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EFFECT OF TEMPERATURE ON PHOSPHORUS LOSSES AND 
PHOSPHORUS RETENTION IN SILVER PERCH 

INTRODUCTION 

Fish require phosphorus for optimum growth, feed conversion efficiency, bone 

development, maintenance of acid-base regulation, and lipid and carbohydrate 

metaboUsm (LoveU 1978; Ogino and Takeda 1978; LaU 1991). Diets deficient in 

phosphorus can suppress the appethe and may lead to the death offish (Lall 1979). 

Since concentration ofphosphorus is low in both freshwater and seawater (Boyd 1971; 

Weatherly and Gill 1987), and phosphorus is absorbed only at a very low rate from the 

water (PhiUips et al 1956), the main source ofphosphorus for fish is dietary. 

Dietary phosphorus supplied and unavaUable to fish wUl be evacuated from the 

gut in the faeces, whilst phosphorus surplus to requirements will be excreted via the 

kidney and giUs (Forster and Goldstein 1969; Nakashima and Leggett 1980). The 

phosphorus released from uneaten food and faeces should be minimized because h 

stimulates algal growth or eutrophication in receiving waters (Walker and Hillmann 

1982; LaU 1991). Studies conducted in Europe and North America demonstrate a 

strong correlation between water pollution and discharge ofphosphorus from fish farm 

effluents since h can deteriorate the water quality of the recipient water bodies (see 

chapter 1.5 for impacts ofphosphorus pollution). In order that environmental impacts 

are minimized information on the absorption, metabolism and excretion of phosphorus 

by cultured species offish is essential (LaU 1991). There is very limited information 

available on phosphorus losses and retention (Kibria et al. 1996b; Kibria et al. 1997c. 

accepted) and studies are required on phosphorus retention at various stages of 

development in fish (Lall 1991). 
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Chapter 7 Phosphoms pollution 

The silver perch, Bidyanus bidyanus is an Australian native fish of the highest 

aquaculture potential (Allan & Rowland 1996) and the industry is growing rapidly with 

the yield growing from 26.6 tonnes in 1991-92 to 52.7 tonnes in 1994-95 (O'Sullivan 

1995; O'Sullivan and KUey 1996) as a resuh of interest and investments in culturing 

this species (Kibria, et al. 1996a). Although there is some concern about the 

environmental impacts of aquaculture, until now there is no research either on the 

quality or quantity ofphosphorus that may be discharged from the aquaculture of silver 

perch. The objectives of this study were to evaluate the effects of temperatures on 

phosphorus losses and phosphorus retention in silver perch Bidyanus bidyanus. 

MATERIALS AND METHODS 

The experiment was conducted in the wet laboratory at the Victoria University of 

Technology. Juvemles of silver perch of similar size (av. wt. 928 mg) were bought 

from a local native fish farm where fish were grown in earthen ponds. They were 

acclimatized in the laboratory in large holding tanks similarly as mentioned in chapter 

2. They were reared in small glass aquaria (30 x 16 x 17 cm) at two temperatures 

25°C and 30°C since optimal temperature for silver perch is believed to be in the 

range of 23°C to 28°C (Rowland et al. 1995), and also confirmed in the present study 

as shown in chapter 3. Fish were fed on three commercial silver perch diets (silver 

crumbles/starter) at the rate of 3% of their body weight (as recommended). The feed 

was divided into two portions and fed twice a day (at 0900 and 1600 hours), six days a 

week for four weeks to study the phosphorus losses and phosphorus retention in this 

species. The three diets fed to fish referred to as diet-1, diet-2 and diet-3. The protein 

and phosphorus content of the three diets are : diet-1 (53% & 1.3%), diet-2 (45% & 

1.16%) and diet-3 (36% & 1.28%) respectively (Table 2.1. for proximate composition 

of three diets). Four fish were stocked in each glass aquarium and each diet was 

replicated in six aquaria, i. e., 24 fish per diet per temperature. Individual aquaria were 

aerated with air stones to enhance dissolve oxygen content. The water quality was 
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maintained similariy as described in chapter 2. Each aquarium was siphoned a number 

of times per 24 hours by using a 5 mm hose, to collect faeces. Collected faeces were 

centrifuged as per the method described in chapter 6. Water samples were coUected 

each morning using a plastic syringe to record the daily variations in orthophosphate 

concentrations whh respect to temperature and diet fed to fish. Data were also 

collected on the houriy pattern of phosphate excretion for the three consecutive days 

offish fed three diets at 25°C. The food conversion ratio (FCR) was determined and 

the FCR was found significantiy better at 25°C than fish reared at 30°C. The FCR at 

25°C and 30°C were 1.09 and 1.66 respectively. The phosphorus (P) balance was 

determined using the following phosphorus balance equation : 

P balance = Amount of P fed - P retained in carcass - P in faeces - P in uneaten feed 
(Ketola and Hariand 1994). 

Samples were weighed using an analytical balance (Mettler AE 200). Proximate 

analysis of food, fish and faeces was done following the methods as described in 

chapter 2.1. The phosphorus retained in the fish carcass was determined by subtracting 

imtial carcass phosphorus content from the final carcass phosphorus content. 

Orthophosphate in water was determined with a Tecator flow injection analyser 

(Aquatec 5400 analyzer) following the Aquatec instruction manual (Tecator 1990) as 

described in chapter 2. 

Mean, standard deviation and standard error were calculated following the 

method described by Zar (1984). All percentage data were transformed to arc sin 

values prior to analysis using an IBM computer. One way analysis of variance 

(ANOVA) was used to compare the phosphorus loss and phosphorus gain at 25°C and 

30°C since there was no significant difference ofphosphorus retention of three diets 

fed to fish. All calculations were performed on an IBM compatible MS Excel 

programme (version 5.0). 
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RESULTS 

Hourly patterns of phosphate excretion 

The hourly patterns of orthophosphate excretion is presented in Figure 7.1. The figure 

shows that there was a rapid increase in phosphate level soon after the first meal 

reaching a maximum at 6 hours and this decreased linearly during the remaining 24 

hours. There was no second peak following the second meal. However, the excretion 

rate was not significantly different between silver perch fed on the three different diets 

containing 53%, 45% and 36% protein (P>0.05). 

Daily patterns of phosphate excretion 

Fish fed diet-2 containing 45% protein excreted comparatively less orthophosphate 

than either fish fed diet-3 (53% protein) and diet-3 (36% protein) (Figure 7.2, 7.3). 

However, there were no significant differences in phosphate discharged by fish fed the 

three diets (P>0.05). Silver perch reared at 30°C showed greater orthophosphate 

excretion than those reared at 25°C and the excretion rate was significantly higher at 

30°C than at 25°C (P<0.05) (Figure 7.4.). 

Phosphorus retention 

The phosphorus retention in silver perch was significantly higher at 25°C than at 30°C 

(P<0.05) which may be related to the optimum growing temperature of silver perch at 

25°C. The average phosphorus retained at 25°C was 49.1% and at 30°C h was 24.5% 

(Table 7.1). At 25°C, 66.7% of the phosphorus loss was in particulate form and the 

remaining 33.3% was in dissolved form. 

Body composition offish 

The body composition offish varied with the rearing temperature (Table 7.2.) and fish 

reared at 25°C had significantly higher body protein, ash and phosphorus content than 

fish reared at 30°C (P<0.05). 
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Time (hours) 
Figure 7.1. Postprandial patterns of orthophosphate excretion by silver 
perch juveniles fed three diets and reared at 25 degree celcius. There was no 
significant difference in hourly phosphate excretion in fish fed on the 
three diets (P>0.05) (mean±SE; n=3). 
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Figure 7.2. Day to day variation in orthophosphate excretion by silver 
perch juveniles fed three diets and reared at 25 degree celcius. There was no 
significant difference in phosphate excretion in fish fed on the three diets 
at 25 degree celcius (P>0.05) (mean+SE; n=6). 
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Figure 7.3. Day to day variation in orthophosphate excretion by silver 
perch juveniles fed three diets and reared at 30 degree celcius. There was no 
significant difference in orthophosphate excretion in fish fed on the three diets 
at 30 degree celcius (P>0.05).(mean±SE; n=6). 
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Figure 7.4. Day to day variation of orthophosphate excretion by silver perch 
juveniles reared at 25 and 30 degree celcius. Phosphate excretion was 
significantly higher at 30 degree celcius (P<0.05) (mean+SE; n=18). 

* denotes significantly different 
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Chapter ̂  ; Phosphorus pollution 

DISCUSSION 

In silver perch orthophosphate excretion peaked soon after the first meal, a similar 

trend was found in sea bass by Ballestrazzi et al. (1994). Orthophosphate excretion in 

fish fed on three diets containing 53%, 45% and 36% protein was not significantly 

different (P>0.05). Ballestrazzi et al. (1994) also did not find any significant 

differences in orthophosphate excretion in sea bass fed on three diets containing 54%, 

49% and 44%) protein. Similarly, there was a rapid increase in orthophosphate 

concentration soon after the feeding of trout, which decreased and reached nonfeeding 

levels within six hours (Solberg and Bregnballe 1982). Peaks of orthophosphate 

excretion are thought to be related to feeding and activity of fish (Hennessy, et al. 

1996) and is also dependent on the quantity and quality of food supplied (Lall 1991). 

Since all the commercial diets used in this experiment were of high quality, this may 

have caused nonsignificant orthophophate excretion in fish reared in this experiment. 

Daily phosphate excretion showed that silver perch fed on diet-2 containing 

45% protein, discharged comparatively less orthophosphate than fish fed on other two 

diets, although there was no significant differences in phosphate discharges of the three 

diets fed to silver perch (Figure 7.2, 7.3). It shows that there was no affect of protein 

level in diets in the discharge of phosphate in silver perch. Ballestrazzi et al. (1994) 

also did not find any affect of protein level in the release of phosphate in seabass. 

Fishmeal is the only source of protein and phosphorus for the three diets which could 

be the reason that orthophosphate excretion did not differ in the three diets tested. The 

phosphorus excretion rate was reported to be affected by both protein (Ballestrazzi et 

al. 1994) and phosphorus source (Ketola and Hariand 1993). 
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Ballestrazzi et al. 1994 found that, when fish were fed on gluten based diets, 

orthophosphate excretion was significantly reduced apparently as a result of their less 

phosphorus in gluten compared to herring meal diets. Ketola and Hariand (1993) 

reported that defluorinated rock phosphate as source of dietary phosphorus decreased 

about 40-51%) phosphorus discharge in rainbow trout. 

Silver perch reared at 25°C showed less orthophosphate excretion than those 

reared at 30^C and the excretion rate was significantly higher at 30°C in fish fed on all 

three diets (P<0.05) (Figure 7.4.). The increased phosphate excretion at 30°C may be 

linked to the higher metabolic rate at higher temperatures. Kristiansen and Hessen 

(1992) reported an increase in orthophosphate excretion of noble crayfish, Astacus 

astacus reared at higher temperature and Savitz (1971) observed an elevated 

phosphorusexcretion in bluegill sunfish, Lepomis macrocephalus at higher 

temperature. Therefore present results with silver perch agrees with the findings of 

Kristiansen and Hessen (1992) and Savitz (1971). 

The phosphorus retention in silver perch was significantly more at 25°C than at 

30°C (P<0.05) which may be related to the optimum growing temperature of silver 

perch and higher growth achieved at 25°C (see chapter 3) . The phosphorus retention 

at 25°C was 49.1% and at 30°C it was 24.5%. (Table 7.1.). The reported phosphorus 

retention varies markedly between species, from 14-22% in coho salmon (Ketola, et al. 

1991), 61-81% in rainbow trout (Ogino and Takeda 1978), 39-40% in channel catfish 

(Lovell 1978), 36.40% in Atlantic salmon (Johnsen, et al. 1993), 33% in rainbow trout 

(Ketola and Hariand 1991) and 69-87% in sunshine bass (Brown, et al 1993). In the 

present study with silver perch, phosphorus retention was found to be correlated with 

the rearing temperature and maximum phosphorus retention was obtained was 49% at 

25^C (close to optimum temperature). 
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The variation in phosphorus retention in fish appears to be due to diet, growth 

rates, source and level ofphosphorus fed to fish (Ketola et al. 1991; Lall 1991). Lanari 

et al. (1995a) reported a significantly higher phosphorus retention by rainbow trout on 

a diet low in phosphorus. Brown et al. (1993) showed that sunshine bass fed with diets 

containing 0.34-0.54% available phosphorus had a phosphorus retention of 69-87%) 

compared to 40-50%) when fed with diets containing higher phosphorus of 

0.64-1.04%. Similarly, rainbow trout fed on a lower phosphorus diet (0.89%o 

phosphorus) had a phosphorus retention of 27%), while with a higher phosphorus diet 

(1.2% phosphorus), the phosphorus retention was 17%) (Eskelnen 1984). Fish reared in 

cages gave a lower phosphorus retention apparently due to lower FCR values (Holby 

and Hall 1991). In the current study, the marginal differences in the phosphorus 

content of the three diets may have attributed in the non-significant retention of 

phosphorus in fish fed the three diets. Perhaps if the diets contained veiy different 

phosphorus content, the results of phosphorus retention could have shown significant 

differences. 

The significantly higher phosphorus retention obtained with silver perch at 

25°C may have been a result of the better FCR achieved at 25°C. The FCR is known 

to play a significant role in determining the level of phosphorus load expected 

(Storebakken and Austreng 1987a, 1987b; Enell 1995), since an increase in FCR value 

from 1.0 to 1.5 may increase phosphorus load to about 86%) for total phosphorus 

(Storebakken and Austreng 1987a, 1987b) (see also chapter 1.5 for other factors 

contributing to phosphorus loading from aquaculture). In addition to FCR, digestibility 

of feed, nutrient content in diet, the feeding technique may influence the feed 

coefficient and phosphorus load from aquaculture (Enell 1995). Matty (1990) and 

Gavine et al. (1995) emphasized that a good FCR is essential in reducing the 

phosphorus pollution in salmonids and trout. Similarly, nutrient loss rates were found 

to be dependent upon nutrient content of the diet and the species cultured (Foy and 
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Rosell 1991a). Furthermore, the greater retention ofphosphorus at 25°C may have 

been a result of lower phosphate excretion and lower faecal phosphorus losses 

obtained at 25°C (Figure 7.4; Table 7.1.). 

Of the total phosphorus loss from aquaculture, a major loss has been reported 

to be in particulate form accounting to about 77.0-85.7%, a minor loss which accounts 

for 14.3-23.0% was in dissolved form (Enell 1987; Ackefors and Enell 1990; Enell and 

Ackefors 1991; Johnsen et al. 1993). The main path ofphosphorus loss in silver perch 

in this study was via faeces accounting for 66.7% of the total phosphorus lost and the 

remaining 33.5%) lost was in dissolved form. 

The significantly higher body protein, ash and phosphorus content obtained at 

25°C (Table 7.2.) may be related to the better phosphorus retention observed at 25°C 

and could be an effect oftemperature adopted. Hasan, et al. (1993) found that the fish 

group that showed better FCR also had higher carcass protein and ash content. The 

body composition of fish has been reported to be affected by the rearing temperature 

(Brett, et al. 1969; Windell, et al 1978; Singh, et al. 1979), ration size (Huisman, et 

al 1979), experimental diets and protein level (Ballestrazzi et al. 1994; Haiqing and 

Xiqin 1994), and fish size (Brett et al 1969). In the present study silver perch reared 

at 25°C also had a better FCR which may have caused higher carcass protein and 

carcass ash content at this temperature. Elliott (1976) reported that in brown trout, 

(Salmo trutta) changes in body constituents were affected by temperature, since they 

were very low at lower temperature (5.6°C) and maximum at optimum temperature 

(12.8°C). For example, the protein and ash content (wet weight basis) was highest 

when trout were reared at 12.8*̂ C and lower at a temperature higher than optimum 

(Elliott 1976). 
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In conclusion, the results obtained in this study show that growing of silver 

perch at optimum temperature can enhance phosphorus retention and cause a 

reduction in the discharge of phosphorus to the environment. Silver perch reared at 

25^C resulted significantly higher phosphorus retention rate (49.1%) compared with 

30°C (24.5%) (P<0.05). 
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THE NUTRIENT CONTENT AND THE RELEASE OF NUTRIENTS 
FROM FISH FOOD AND FAECES 

INTRODUCTION 

Fish food and faeces are known to be the main wastes in intensive aquaculture. The 

production of feed wastes as dust and uneaten food have been estimated by Beveridge 

(1996) to be close to 10%). Previous researchers also reported a figure of 10-30%) of 

waste uneaten food alone from intensive aquaculture (Hoelzi and Vens-Cappell 1980; 

Penczak et al. 1982). The faecal output on a dry weight basis is reported to be 260 g 

per kg of food fed to fish (Butz and Vens-Cappell 1982). Uneaten food along with 

faeces (solid wastes) may increase sedimentation and enrich the nutrient pool of the 

receiving waters (Beveridge 1987). Under appropriate conditions phosphorus and 

nitrogen could be released from the sediments underlying receiving waters (see chapter 

1.3 for factors related in the release of nutrients from soUd waste) and may stimulate 

algal growth (Pettersson 1988). 

Both phosphorus and nitrogen are essential ingredients incorporated into 

formulated feed to achieve a good growth of fish. These two nutrients are also 

required for algal growth in water bodies (State of Victoria 1995). In freshwater, 

phosphorus is the limiting nutrient and orthophosphate is the form that is readily 

available to plants (Chamberiain and Shapiro 1969; Welch and Lindell 1980; Bostrom 

et al. 1988a, 1988b; Boyd 1990). Both phosphorus and nitrogen are normally limiting 

nutrients in seawater (Boyd 1990). Fish farm effluents containing phosphorus and 

nitrogen have been reported to have caused eutrophication of receiving waters (Laird 

and Needham 1988; Foy and Rosell 1991b). However, few researchers have studied 
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the fractional composition of nutrients and factors important in the release of nutrients 

from fish food and faeces (Kibria et al. 1977d. accepted). Such information is essential 

in planning strategies for nutrient management and pollution control. The present study 

investigates the fractional composition of nutrients and the effect of temperature and 

pH on the release of nutrients from fish food and faeces in the rearing of the Australian 

native fish silver perch B. bidyanus. 

MATERIALS AND METHODS 

Silver perch Bidyanus bidyanus juveniles (av. wt. 0.590g) were fed on two commercial 

diets referred to as diet-1 and diet-2 for four weeks at 25'^C. Fish were reared in small 

aquarium (70x60x30cm). The water quality of aquaria was maintained similarly as 

described in chapter 2. The total number offish per treatment was twenty four i.e., the 

number of replicate tanks per diet was six. Fish were fed at the rate of 3% body 

weight. The feed was divided into two portions and fed to fish twice a day and six days 

a week for four weeks. Faeces was siphoned off a number of times a day by using a 

5mm hose. Collected faeces was dried overnight in an oven at 100*^C. Pooled faeces of 

each 'diet group' were used for nutrient fractionation and to conduct experiments on 

nutrient release. Experiments were also conducted on the effect of temperatures (20°C 

& 25°C) and pH (4,7,10) on the release of nutrients fi-om fish food since uneaten food 

is the major source of aquaculture wastes (also confirmed in the present study as 

demonstrated in chapter 5.). Diet-1 contained 8.48% nitrogen (53% protein) and 

1.31% phosphorus while diet-2 contained 7.2% nitrogen (45% protein) and 1.16% 

phosphorus (see Table 2.1 for proximate composition of the two diets). Protein (N x 

6.25) and total phosphorus in feed, fish and faeces were determined following AOAC 

(1990a, 1990b) (see Chapter 2 for details on methodology). Total nitrogen, ammonium 

CNH4+), nitrite (N02-), nitrate (NO3-), total P and orthophosphate (PO3- ) of water 

samples were analyzed with a Tecator flow injection analyzer (Aquatec 5400 analyzer) 
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following the Aquatec instruction manual (Tecator 1990) (details are given in chapter 

2.2). pH was measured using a pH meter (Orion model SA 520). All food and faeces 

were dried at 100*̂ C overnight for moisture analysis. 

Fractionation of nutrients 

Phosphorus fractionation 

The inorganic phosphorus in fish food and faeces were fractioned following the 

extraction methods of Pettersson (1988) in order to separate the orthophosphate 

fractions that are directly available to plants (labile fractions) and the fractions bound in 

the sediments (iron, aluminium and calcium bound phosphorus) (Table 8.1.). 25 mg of 

food and faeces was incubated with 10 ml of solution in centrifligation tubes (number 

of replicates were four). After centrifugation, orthophosphate was determined in the 

supernatant. 

Table 8.1. Extraction of orthophosphate from fish food and faeces. 

Extraction no Extraction methods Extractable phosphorus 

E.xtraction-1* Distilled water four times for 90 minutes Water soluble phosphorus 

Extraction-2* NH^CL two times, 120 minutes each Water soluble phosphorus 

Extraction-3 NaOH (0.1 mol/1) for 16 hours Fe and Al bound phosphorus 

Extraction-4 HCl (0.5 mol/1) for 24 hours Ca bound phosphorus 
* phosphorus extracted is directly available to plants. 

Nitrogen fraction ation 

Dried faeces collected from the two diet groups was fractioned into nitrogen 

composition (total nitrogen, nitrite, nitrate and ammonium) following the methods 

described in Kristiansen and Hessen (1992) (number of replicates were three). The 

faeces were crushed into a fine mass of particles using a mortar and then mixed with 2 

decilitres of water and sonicated (Cole-Palmer 8853). Before analyzing water was 
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added to yield a concentration of 1 g dry faeces 1"̂  and nitrogen content analyzed using 

a Tecator flow injection analyzer (Tecator 1990). 

Release of nutrients from faeces and foods 

Release of nutrients from faeces 

The release of phosphate and ammonium fi-om faeces was determined by incubating 75 

mg faeces in 50 ml distilled water in an Erienmeyer flasks at 25°C for a week 

following the method of Pettersson (1988) (number of repHcates were four). Water 

was sampled everyday using a plastic syringe. 

Effect oftemperature andpH on the release of nutrients from fish food 

300 mg offish food (diet-2) was incubated with 200 ml distilled water for seven days 

in glass botfles. The food was incubated at each of two temperatures [(20°C and 

25°C) at three pH levels (4.0, 7.0 and 10.0)] in order to observe the effect of 

temperature and pH on the release of nutrients (number of replicates were four). The 

fractions measured were dissolved phosphorus (orthophosphate) and ammonium, the 

nutrient fraction which impact most on water quality and aquatic living organisms 

according to Bostrom et al (1988a, 1988b), and Welch and Lindell (1988). 

Statistical analysis 

Mean, standard deviation and standard error of phosphorus and nitrogen fractions of 

fish food and faeces were calculated following Zar (1984). One way analysis of 

variance (ANOVA) was used to compare the release nutrients (orthophosphate and 

ammonium) from faeces from the two diet groups. ANOVA's were calculated using an 

IBM compatible MS Excel programme. Best curves were fitted as appropriate to 

indicate the trend or correlations in data on the release of ammonium and 

orthophosphate (Cricket Graph-Ill, version 1.0). 
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RESULTS 

Fractional composition of phosphorus in feed and faeces 

Water soluble phosphorus (extraction-1) varied between 1.87-2.57 mg P g-i dw in 

diets. The diet with the highest total phosphorus content also had the highest 

concentration of water-soluble phosphorus (P>0.05; n=4). This fi-action ranged from 

28.8 to 29.0% of the total phosphorus content. Both fish food and faeces contained 

major phosphorus fraction in a labile form represented by the fraction extracted by 

water and ammonium chloride (Table 8.2). 

Table 8.2. Fractional composition ofphosphorus (orthophosphate) in fish food and faeces (mg P g • ^ 
diy weight). Faeces-1 and faeces-2 are from the' diet-1 and diet-2 respectively fed to silver perch. 
(Details on extraction procedures are given in Table 8.1). 

Diet -1 Diet -2 Faeces-1 Faeces-2 
H,0-P 

NH4CI- P 

NaOH-P 

HCl-P 

2.57 ±0.09 1.87 ±0.05 

1.68 ±0.19 1.44 ±0.05 

2.33 ±0.31 1.68+0.14 

2.25 ±0.14 1.50 ±0.33 

1.03 + 0.04 

1.46 + 0.21 

1.10 + 0.17 

1.00±0.18 

0.94 ±0.04 

0.94 ±0.12 

0.68 ±0.25 

0.71+0.01 

'Values are mean±SE. 

2n=4. 

Nutrient content in faeces 

Faecal analysis revealed a higher total phosphorus content and lower nitrogen content 

in faeces of silver perch in diets. Faeces of diet group-1 and diet group-2 contained 

3.08±0.20% and 2.00±0.18% phosphorus and 3.29±0.29% and 3.21±0.51% nitrogen 

by weight. However, there was no significant differences in faecal phosphorus and 

faecal nitrogen content of the two diet groups tested (P>0.05). This may confirm that 

the main path ofphosphorus loss in fish is through faeces. 
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Fractional composition of nitrogen in faeces 

Various nitrogen components in faeces of silver perch are summarized in Table 8.3. It 

reveals that ammonium (5.65-6.0%), nitrite (2.35-2.38%) and nitrate (5.23-6.31%) are 

relatively low in the faeces compared to total N (86.44-85.62%) (dry weight basis). 

Table 8.3. Nitrogen content of dry faeces of silver perch reared for four weeks at 25°C and fed two 
diels(mgNg-iDW). 

Diet-group Total-N NO3-N NO -̂N NH4-N 
1 25.90 ±0.10 1.92 ±0.21 0.71 ±0.10 1.71 ±0.04 
2 25.76 ±0.13 1.56 ±0.28 0.72 ±0.07 1.78 ±0.03 
'Values are mean+SE. 
2n=3. 

Release of nutrients from faeces 

There was a rapid and momentary release of phosphorus from faeces for the first few 

days and thereafter a grov^h of bacteria appears to slowed dovm the release of 

phosphate (Figure 8.1.). Ammonium release fi-om faeces was slow and increased 

slowly with time (Figure 8.1.). 

Effect of temperatures andpH on the release of nutrients 

Release of nutrient fi-om the fish feed was directly related to temperature of incubation 

with the rate of release significantly higher at a higher temperature (P<0.05). The 

release of phosphorus and ammonium were accelerated at 25^C in comparison to 

release at 20°C (Figure 8.2, 8.3, 8.4, 8.5, 8.6, 8.7). The release of orthophosphate was 

higher in acidic medium (pH 4.0) (Figure 8.2, 8.3, 8.4) whereas ammonium release 

was accelerated in neutral to alkaline media (pH 7.0 and 10.0) (Figure 8.6, 8.7, 8.8.). 
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Figure 8.1. The average release of orthophosphate and ammonium 
from faeces of silver perch. The faeces were incubated at 25 degree celcius 
for seven days. There was no significant difference in the release of either 
orthophosphate or ammonium between the two diet groups (P>0.05) (n=4). 
[Legend : OP = orthophosphate; NH^ = ammonium]. 
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y = -0.509X + 5.299X - 1.084; r̂  = 0.957 

DAY 

Figure 8.2. The average release of orthophoshate from fish food 
at pH 4.0 and incubated at two temperatures for seven days (n=4). 

DAY 

Figure 8.3. The average release of orthophosphate from fish food 
at pH 7.0 and incubated at two temperatures for seven days (n=4). 

DAY 

Figure 8.4. The average release of orthophosphate from fish food 
at pH 10.0 and incubated at two temperatures for sevendays (n=4). 
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Figure 8.5. The average release of ammonium from fish food 
at pH 4.0 and incubated at two temperatures for seven days (n=4). 
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Figure 8.6. The average release of ammonium from fish food 
at pH 7.0 and incubated at two temperatures for seven days (n=4). 
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Figure 8.7. The average release of ammonium from fish food 
at pH 10.00 and incubated at two temperatures for seven days (n=4). 
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DISCUSSION 

The fractional composition of phosphorus revealed a higher water soluble fi-action in 

both fish food and faeces and this was higher with a diet containing a higher 

phosphorus content (Table 8.2). Pettersson (1988) found a higher concentration of 

water soluble phosphorus in diets containing the higher total phosphorus. In the 

current study fish food and faeces contained the major phosphorus fi-action in a labile 

form represented by the fraction extracted by water and ammonium chloride (Table 

8.2.). The maximum labile fi-action in rainbow trout food was reported to be 26-38% 

and in faeces 15-54% by Pettersson (1988). The present experimental results also 

show that uneaten food and faeces may contain a majority of phosphorus in a labile 

form (49.00%-51.00% in fish food; 54.24%-57.14% in faeces) and the labile forms are 

believed to be readily available to plants for their growth (Butz and Vens-Cappell 

1982). 

The analysis of faeces revealed that silver perch faeces contains a higher 

phosphorus content than nitrogen. A high phosphorus loss through faeces was also 

found by Pettersson (1988) in rainbow trout, and Johnsen et al (1993) in Atlantic 

salmon. Hakanson et al. (1988) calculates that of the total phosphorus and nitrogen 

fed to fish, 70% phosphorus and 15% nitrogen loss was through faeces. Kristiansen 

and Hessen (1992) reported 4.0%i phosphorus and 2.3% nitrogen in faeces of Atlantic 

salmon {Salmo salar) and a loss of 3.5% phosphorus and 4.1% nitrogen in noble 

crayfish {Astacus astacus) faeces, while the faecal analysis of rainbow trout {Salmo 

gairdneri) yielded 1.59% phosphorus and 3.93% nitrogen (Penczak et al. 1982). The 

average phosphorus and nitrogen lost in silver perch through faeces were 2.54% and 

3.25% respectively. The phosphorus and nitrogen ratio in silver perch diets were 1:6.5 

and 1:6.2 in diet-1 and diet-2 while the P : N ratios in the faeces were 1 : 1.1 and 1: 
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1.61 for diet group-1 and diet group-2 respectively (dry weight basis). This agrees with 

the resuhs of Pettersson (1988) who found that the phosphorus : nitrogen ratio in the 

foods was 1 : 5 while in faeces it was 1: 1-2. 

In the fractional analysis of silver perch faeces, contribution of ammonium 

accounts for 5.6-6.0% of the nitrogen content. The ammonium contribution was also 

minimal in crayfish and salmon faeces being 4.0-4.4%) of total nitrogen (Kristiansen 

and Hessen 1992). Foy and Rosell (1991a) fractioned nitrogen loadings fi-om a 

Northern Ireland fish farm where they estimated that nitrite and nitrate contributed 

about 2.4%) of the total nitrogen loadings to the environment. In the current study, the 

nitrite contribution in silver perch faeces was 2.35%)-2.38%, 

The experiments on the release of nutrients from faeces demonstrated that 

leaching of nutrients from faeces or food could be instantaneous and therefore nutrient 

enrichment of the environment occurs almost immediately (Figure 8.1). The present 

results is in agreement of Pettersson (1988) who also observed a rapid release of 

phosphate from fish food during the first few days and thereafter a growth of bacteria 

decreased the phosphate concentration. Both Makinen et al (1988) and Phillips et al 

(1993) stated that an efficient and quick removal of solid wastes is essential if nutrient 

loadings to the environment are to be controlled. 

Both pH and temperature were found to influence in the release of nutrients 

(orthophosphate and ammonium) from silver perch food (Figure 8.2, 8.3, 8.4, 8.5, 8.6, 

8.7). Persson (1988) also found that the release of nutrients from fish food and faeces 

depends upon pH, temperature, oxygen, water turbulence and the microbial activity of 

the environment (see chapters 1.4 and 1.5 on nitrogen and phosphorus pollution for 

more information). The patterns of phosphate and nitrogen release observed in the 

current study were similar to the results of Pettersson (1988). Pettersson (1988) also 
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reported a much higher phosphorus release in acidic medium (pH 5.0) and found that 

the leakage of ammonium from fish food was temperature dependent. The release of 

ammonium and orthophosphate from silver perch food was similar to the release from 

salmon excreta being much higher at higher temperature (Kristiansen and Hessen 

1992). 

In conclusion, the results obtained in this study show that the main path of 

phosphorus loss to the environment in the culture of silver perch is via faeces. The 

maximum release of phosphorus and nitrogen from sohd wastes depends upon 

temperatures and pH of the environment, being higher at 25°C than at 20°C. The 

release of phosphorus increased with decrease in pH whereas ammonium release 

increased with increase in pH. 
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EFFECT OF SALINITY ON BIOLOGICAL GROWTH AND NUTRIENT 
RETENTION IN SILVER PERCH 

INTRODUCTION 

The silver perch is native to the Murray-Darling River system (Merrick and Schmida 

1984) and migrates entirely within freshwater (Guo et al. 1995). The fish and crayfish 

of the Murray-Darling River system are known to tolerate considerably high salinities 

(Guo et al. 1993). There is a wide variation in the ability of fish to acclimate to 

increasing or decreasing salinity (Stickney 1991). Silver perch is least tolerant to high 

salinities (Guo et al 1995). It is reported that freshwater species inhabit brackishwater 

generally without an adverse effect on the species (Morrissy 1978; Mills and Geddes 

1980). There is an advantage in the aquaculture of a freshwater species which can 

tolerate certain range of salinity since the species has a wider environmental tolerance 

(Jones 1990). 

The silver perch is a freshwater species that can tolerate salinity up to 15 ppt 

(Guo et al 1995). A better survival and growth rate were reported when both larvae 

and juvenile were reared in slightly saline waters (Guo et al 1995; Ingram et al 1996). 

Furthermore, there was no significant effect on the development of silver perch eggs in 

a salinity of up to 9 ppt (Guo et al 1993). Silver perch is an Austrahan native fish of 

highest aquaculture potential (Allan and Rowland 1996) and interest to culture the 

species is growing in both Australia and nearby Asia (Gooley and Rowland 1993; 

Kibria et al 1996a). Until now there has been no attention paid to the effect of salinity 

on the growth and nutrient retention by silver perch. The objectives of this preliminary 

study were to examine the effect of different salinities on the growth, food conversion 

and nutrient retention in silver perch, Bidyanus bidyanus reared at 25°C. 
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MATERIALS AND METHODS 

The experiment was conducted in the wet laboratory at the University. Juveniles of 

silver perch (av. wt. 445 mg) were bought from a local native fish farm where fish 

were grown in earthen ponds. They were acclimatized in the laboratory in four 

separate freshwater holding tanks for four weeks and thereafter the salinity level of 

holding tanks was increased slowly as appropriate. Fish were kept to the desire test 

salinity levels for two weeks prior to the start of feeding trials. They were reared in 

small glass aquaria (30 x 16 x 17 cm) at 25°C, since the best growth and nutrient 

retention in silver perch were obtained at this temperature (see chapter 3, 6 and 7). 

Fish were fed on a commercial silver perch diet (diet-2) containing 45%) protein and 

1.16%) phosphorus (see Table 2.1 for proximate composition) at the rate of 3%) of their 

body weight (as recommended). The feed was divided into two portions and fed twice 

a day (0900 and 1600), six days a week for four weeks to study on the growth, food 

conversion and nutrient (nitrogen and phosphorus) retention at four salinities (0 

salinity, 4 salinity, 8 salinity and 12 salinity). Artificial sea sah (Red Sea Salt, Red Sea 

Fish pHarm, Israel) were used to prepare the required salinities following instructions 

on the packaging. 

Four fish were stocked in individual glass aquaria and six replicated aquaria 

were prepared for each salinity regime ie., 24 fish per salinity. Individual aquaria were 

fitted with air stones to enhance dissolved oxygen content. The water quality was 

maintained similarly as described in chapter 2. The relative gain in weight, specific 

growth rate (SGR) and food conversion ratio (FCR) were calculated following 

appropriate formulae given in chapter 2.6. Samples were weighed using an analytical 

balance (Mettler AE 200). Proximate analysis was done following AOAC (1990a, 

1990b), as given in chapter 2. 
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Mean, standard deviation and standard error were calculated following Zar 

(1984). All percentage data were transformed to arc sin values prior to analysis using 

an IBM computer. One way analysis of variance (ANOVA) were used to compare 

nutrient retention at different salinities using an IBM compatible MS Excel programme 

(version 5.0). 

RESULTS 

The figure 9.1. shows the growth of silver perch at different salinities. Faster growth 

was observed at 4 salinity compared to other salinities (P<0.05). The specific growth 

rate (SGR), and food conversion ratio (FCR) were also significantly better at 4 salinity 

(Table 9.1.). No mortality was observed offish reared at different salinities. 

Both nitrogen and phosphorus retention were significantly higher at 4 salinity, 

compared to other salinities (P<0.05). At 4 salinity 61% nitrogen and 65% phosphorus 

fed to fish were retained. Overall nutrient retention was better at salinities above 0 

(Table. 9.1, 9.2). 
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Figure. 9.1. Gain in weight of silver perch juveniles at different 
salinities. Fish were fed on a 45% protein diet and reared at 25 
degree celcius for 28 days. The gain in weight was significanlty 
higher at 4 salinity (P<0.05) (mean+SE; n=6). 

* _ = denotes significantly different 
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Table 9.1. Performance of silver perch at four different salinities. Fish were fed on a 45% protein 
diet @ 3% of body weight, twice a day and six days a week and reared at 25°C for 28 days. 

Salinity > 
Initial average weight (mg) 
Final average weight (mg) 
Gain in weight (mg) 
Relative weight gain 
Specific growth rate (SGR) 
Food conversion ratio (FCR) 
Survival (%) 
Values are mean+SE; n=6. 

0 
435 
997 
562±26a 
129^ 
3.45±0.08a 
1.18±0.06a 
100 

4 
439 
1206 
767±16b 
175b 
4.21±0.04'' 
1.09±0.12"' 
100 

8 
459 
1065 
606±22<= 
132* 
3.51±o.07^ 
1.17+0.06^ 
100 

12 
448 
1012 
564124* 
126^ 
3.39±0.07* 
1.22±0.08* 
100 

^Values in the same row with common superscripts are not significantly different from each other (P>0.05). 

Table 9.2. Nitrogen ingested, retained and released (g/kg body weight per day) by silver perch reared 
at different salinities. 

Salinity >' 
N ingested (g/kg bw/d) 
N retained (g/kg bw/d) 
N released (g/kg bw/d) 
N retained/N ingested (%) 
'Values are mean+SE; n=6. 

0 
2.16±0.3 
O.93±O.0P 
1.23 
43.15±l,28* 

4 
2.16±0.14 
1.32±0.02b 
0.84 
61.34±1.63b 

8 

2.16±0.24 
1.2210.06"= 
0.94 
56.34±4.63<= 

12 
2.16±0.28 
0.97±0.03* 
1.19 
45.12±3.58* 

^Values in the same row with common superscripts are not significantly difiFerent from each other (P>0.05). 

Table 9.3. Phosphorus ingested, retained and released (g/kg body weight per day) by silver perch 
reared at different salinities. 

Salinity- 0 8 

'Values are mean+SE; n=6. 
Values in the same row with common superscripts are not significantly different from each other (P>0.05). 

12 
P ingested (g/kgbw) 0.347±0.05 0.347±0.06 0..347±0.03 0.347±0.01 
P retained (g/kg bw) 0.157±o.oia 0.225±o.04'' 0.168±o.02a 0.163±o.o4* 
P released (g/kg bw) 0.190 0.122 0.179 0.184 
P retainedyP ingested (%) 45.42±o.4l* 65.0013.6*̂  48.36±3.53* 47.00±2.36* 
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DISCUSSION 

The results show that weight gain, specific growth rate and food conversion ratio were 

higher in saline water than in fi-eshwater. The best performance was achieved at 4 

salinity. (Table 9.1.). Smith and Thorpe (1976) reported a faster growth of trout in sah 

water than in freshwater. A better survival and growth of silver perch larvae and 

juveniles were also found in sHghtly saline water (6 salinity) by Guo et al. (1993). 

Ingram et al (1996) reported a good survival and grovW:h of silver perch when reared 

at lower salinities of 8.0-15.3, whereas a poor growth and survival resulted at higher 

salinities of 9.5-24.6. In general, most freshwater species under aquaculture showed a 

better performance in slightly saline water ranging fi-om 2 to 5 salinities than in 

fi-eshwater (Stickney 1991), for example, channel catfish at 5 salinity (Burnside et al. 

1975), silver carp at 3-4 salinities (Oertzen 1985) and common carp at 3 salinity (Lam 

and Sharma 1985). This preliminary study also showed a better performance of silver 

perch at a salinity of 4 (P<0.05), which is close to the results obtained by other 

researchers (Burnside et al. 1975; Lam and Sharma 1985; Oertzen 1985). 

The FCR was significantly better at 4 salinity than at other salinities tested. The 

rainbow trout showed the best food conversion efficiency in brackish water than in 

fi-eshwater (Murai and Andrews 1973). Coho salmon also resuhed a better food 

conversion at 5-10 salinities than either in freshwater or in higher salinities of more 

than 10 (Otto 1970). Therefore a better FCR obtained with silver perch at lower 

salinity is close to the resuhs of Otto (1970) and Murai and Andrews (1973). 

There was no mortality of silver perch reared at different saUnities. The better 

growth of silver perch in sHghtly saline waters may be related to inhibition of diseases 

in saline environment (Guo et al 1995). Saltwater (3 salinity) has been used to control 

diseases of silver perch eggs and a bath of 10 salinity was recommended to kill 

parasites in larvae and fiy (Rowland and Ingram 1991). Therefore, better performance 
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of silver perch observed in slightly saline water in this study could be due to more 

heahhier environment and a possible lacking of parasites and diseases incidence. 

Moreover, the better growth at lower salinities may be related to the ability of silver 

perch to maintain a stable internal environment at lower salinities (Eckert et al. 1988). 

The nutrient retention with silver perch was higher in saline waters than in 

freshwater (Table 9.2, 9.3.). This is encouraging since a higher nutrient retention is 

desirable for a profitable farming and for a sustainable aquaculture programme. The 

nitrogen retention efficiency was also reported to be higher when trout were grown in 

saltwater than in freshwater (Smith and Thorpe 1976). 

It is concluded that silver perch can tolerate saline conditions with no adverse 

effect in salinities as high as 12 salinity and growth and nutrient retention were 

enhanced at 4 salinity. Freshwater species which can be cultured in slightly saline 

waters provide a significant advantage in that they can be used to expand aquaculture 

in brackish waters (Smith et al. 1986). This is particularly important since Australia has 

vast areas of brackish waters and freshwater systems are limited in this country. 

Further research using saline water will be required to confirm the suitability of 

brackish water sites for the aquaculture of silver perch. 
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GENERAL CONCLUSION AND RECOMMENDATIONS 

The present study has investigated the biological growth [(weight gain, specific growth 

rate (SGR), food conversion ratio (FCR), protein efficiency ratio (PER)] and pollution 

potential fi-om aquaculture of Australian fish silver perch, Bidyanus bidyanus. This 

study also investigated the utilization of sewage grown zooplankton with reference to 

biochemical composition of zooplankton and performance of silver perch fed on two 

dominant species of sewage zooplankton. A preliminary investigation was also 

conducted on the biological growth and nutrient retention by silver perch at different 

salinities. Silver perch juveniles were fed on three commercial diets referred to as 

diet-1, diet-2 and diet-3 and fed at the rate of 3% of their body weight. The rearing 

temperatures were 20°C, 25°C and 30°C in different experimental situations (chapter 

3-9). The protein and phosphorus content of the three diets are : diet-1 (53% protein, 

1.31% phosphorus), diet-2 (45% protein, 1.16% phosphorus) and diet-3 (36% protein, 

1.28 phosphorus). Silver perch was chosen in this study since silver perch is a major 

native aquaculture industry in the country and there was no previous research on the 

quality and quantity of waste discharge fi-om aquaculture of silver perch. 

Biological growth of silver perch fed on cominercial diets 

Of the three diets fed to silver perch, fish fed on diet-2 showed a slightly higher weight 

gain at each temperature of 20°C, 25°C and 30°C; although weight gain offish fed 

the three diets was not significantly different (P>0.05) (chapter 3). A trend of higher 

SGR, FCR and PER were also obtained with diet-2 at all temperatures (P>0.05). 

Resuhs on biological growth may indicate that silver perch juveniles do not require the 
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higher protein diet used in this study to achieve the best growth and a diet containing 

45% protein may be sufficient to achieve a good growth rate. 

When silver perch juveniles were reared at different temperatures, a 

significantly higher growth rate and a significantly better SGR, FCR, PER were 

obtained at 25^C. The maximum growth achieved at 25°C may suggest that the 

optimum growing temperature of silver perch is close to this temperature. This result 

supports the view that the optimal temperature for silver perch lies between 

20°C-30°C (Barlow 1986) or more precisely inbetween 23^C-2S°C (Rowland et al. 

1995). Fish reared at 20°C and 30°C had a lower weight gain than those reared at 

25°C. Further research at 1°C or 2°C interval may pinpoint the exact optimum 

temperature of silver perch. 

Utilization of sewage grown zooplankton 

At the Werribee Sewage Treatment Lagoons (WSTL), two species of zooplankton are 

abundantly available, these are, Daphnia carinata and Moina australiensis. These two 

zooplankton were subjected to analysis. The analysis reveals that both zooplankton had 

a biochemical composition which was usefiil for aquaculture of silver perch. The 

protein content in D. carinata and M. australiensis were 64.80% and 54.34% 

respectively. The other biochemical composition also revealed that the zooplankton 

contained an appreciable concentration of lipid (7.29-7.73%), and phosphorus 

(1.11-1.16) (Chapter 4). The amino acids contents of both zooplankton matched the 

amino-acids requirement of fish. Lysine and methionine, the most Umiting amino acids 

in normal fish feed are also present in appreciable levels in both zooplankton. 

Fish fed on frozen D. carinata grew at the same rate as fish fed on commercial 

silver perch diet, and the growth, SGR, and FCR were not significantly different 

between fish fed on D. carinata and silver perch diet (P>0.05) (Chapter 4). Fish fed on 
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M australiensis alone or in combination with other diets performed poorly. This may 

indicate that silver perch juveniles may have a preference for D. carinata over M 

australiensis. Therefore, the current study provided some indication that zooplankton 

could be an alternative diet in the rearing of silver perch. Resuhs also indicate that 

there was no increase in the heavy metals within the carcass of fish fed sewage 

zooplankton in the short term. 

In nature, the main food of silver perch are zooplankton (chapter 2.1), 

therefore more research should be undertaken on the utilization of this vast and 

unutilized volume of zooplankton grown at WSTL which is being drained into Port 

PhilHp Bay by the Melbourne Water Authority. During 1995-96, an average of 40-84 

kg/h zooplankton was harvested fi-om WSTL (source : Zootech Private Research 

(jToup, Werribee). Utilization of this resource through aquaculture would recycle 

waste to produce a valuable aquatic food source. Future research programmes may 

include the feasibility of using zooplankton meal as an ingredient offish feed, and total 

or partial replacement of expensive protein meal by zooplankton meal. Success of such 

research may enable the production of less expensive silver perch diets and thus reduce 

production costs of silver perch. It may also be usefiil to investigate the seasonal 

variation in protein, lipid and other mineral contents of zooplankton, to investigate 

ways to minimize the loss of nutrients fi-om fi-ozen zooplankton, and to study the 

removal of the indigestible chitinous fraction fi-om zooplankton. All this information is 

necessary in the development of a zooplankton based dry diet and the use of sewage 

grown zooplankton in the aquaculture or aquarium industry. 

Solid waste production from silver perch aquaculture 

Two experiments were conducted on the production of solid waste load (uneaten food 

and faeces) by rearing silver perch juveniles at different temperatures (chapter 5). The 

first experiment conducted on the production of suspended and dissolved solids 
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revealed that the diet which resulted in slightly higher weight gain and a better FCR to 

fish, produced less suspended and dissolved soUds (P>0.05). In the second experiment, 

a higher solid output was obtained at 20°C and the lowest solid output at 25°C fi-om 

the rearing offish at 20°C, 25°C and 30°C. At 20°C, the dominant waste was uneaten 

food accounting for 25% of food offered. The faecal production was found to be 

higher at 30°C in the order of 30OC>25°C>20OC. Fish fed on diet-2 consistently 

produced less solid waste output among fish fed on three diets at 20°C, 25°C and 

30°C. Fish reared at 25°C produced significantly lower solid waste output. The 

estimated soHd waste at 20°C, 25°C and 30*̂ C were 549kg • tonne'^ 284 kg • 

tonne'Wd 393 kg • tonne'^ fish produced respectively (P<0.05). 

The study shows that the production of solid waste in silver perch culture could 

be affected by diets and rearing temperature. This finding agrees with other researchers 

who found that diet, feeding rate and rearing temperature can influence in the quantity 

of solid waste output (Kilambi et al. 1977; Butz-and Vens-Cappell 1982; Merican and 

Phillips 1985). Fish reared at 25°C produced lowest solid waste load, and this could be 

related to the higher growth and better FCR obtained at 25°C. The rearing experiment 

conducted showed that if silver perch were reared at a lower temperature, solid output 

could be higher since a substantial amount of food offered would remain uneaten. 

Resuhs also show that rearing fish at a temperature above optimum may increase the 

solid output through increase in faecal loss. This has implications for the environmental 

pollution of fi-eshwater habitats fi-om the aquaculture of silver perch. 

Nitrogen loss and nitrogen retention in silver perch 

In order to investigate nitrogen losses and nitrogen retention, silver perch juveniles 

were fed on three commercial diets and reared at two temperatures (25°C and 30°C) 

(Chapter 6). The main path ways of nitrogen loss was found to be gill excretion 

(85.7%-90.2%) and faeces (9.8%-14.3%). The hourly ammonia excretion rate showed 
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a sharp increase soon after a meal and a linear decrease during the remaining 24 hours 

and this rate was not significantly different in fish fed on the three different diets at 

25°C (P>0.05). The daily ammonia excretion in the culture of silver perch was 

significantly higher at 30°C than at 250C (P<0.05), similarly the faecal nitrogen loss 

was also higher at 30°C than at 25°C (P<0.05) which may confirm the resuhs obtained 

by others showing that at higher temperature the nitrogen losses can also be higher 

(Jobling 1981; Kaushik 1981). 

Nitrogen retention by silver perch was found to be significantly greater at 25°C 

than at 30°C (P<0.05), and average nitrogen retained at 25°C and 30°C were 43.1% 

and 29.4%» respectively (P<0.05). The higher nitrogen retention at 25°C may be 

related to the better food conversion ratio (FCR) and lower nitrogen loss obtained at 

25°C with silver perch. The above experiments on nitrogen losses and nitrogen 

retention with silver perch shows that culture offish at their optimum temperature may 

enhance nitrogen retention and result in a reduction in the discharge of nitrogen to the 

envirormient. Since nitrogen is an expensive ingredient in fish feed a higher nitrogen 

retention is also desirable for profitable farming. Additionally the amount of nitrogen 

retained by fish could also be used to evaluate a diet (Cho 1993). The present study 

demonstrates that grov/ing of fish close to their optimum temperature could be a 

simple way of achieving higher nitrogen retention and a lower nitrogen output to the 

environment. Further studies are required to determine the optimum protein 

requirements of silver perch that result in maximum nitrogen retention and minimum 

nitrogen pollution of the environment. The study should use different sizes of silver 

perch and different feeding strategies (for example alternate feeding of low and high 

protein diets as suggested by De Silva et al. 1993). 
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Phosphorus losses and retention in silver perch 

Experiments conducted on phosphorus losses and phosphorus retention reveal that the 

main path of phosphorus loss in the culture of silver perch is faecal output 

(64.67%-66.61%) (Chapter 7). There was a sharp increase in phosphate excretion 

soon after a meal similar to the ammonia excretion rate (Figure 8.1) and a linear 

decrease during the remaining 24 hours. The daily phosphate excretion increased with 

increase in temperature. The phosphate excretion was found to be significantly higher 

at 30°C than at 25°C (P<0.05). This could be due to the lower FCR and lower 

phosphorus retention obtained at 30°C. Of the three diets fed to silver perch, fish fed 

diet-2 containing 45% protein excreted comparatively less orthophosphate than either 

diet-1 and diet-2 at both 25°C and 30°C. This fact could be related to the slightly 

lower phosphorus content in diet-2 or due to the slightly better FCR obtained with 

diet-2, though the excretion rate did not differ significantly in fish fed on the three diets 

(P>0.05). Silver perch reared at 25°C retained significantly more phosphorus than 

those reared at 30°C (P<0.05), which may be due to the higher growth and better FCR 

achieved with silver perch at 25°C. At 25°C, phosphorus retention was 49% and at 

30°Citwas24.5%. 

Resuks obtained in the current study agrees with the findings of others who 

reported that phosphorus discharge and retention in finfish are influenced by the FCR 

(Storebakken and Austreng 1987a, 1987b; Seymour and Bergheim 1991; Bohl et al. 

1992; Cho 1993; Johnsen et al. 1993), type of diet (Ketola and Hariand 1993; Matty 

1990), and temperature (Kristiansen and Hessen 1992; Ballestrazzi et al. 1994). In 

order to minimize the phosphorus losses and maximize the phosphorus retention, 

further research is needed on the optimum phosphorus requirements of silver perch. 
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Nutrient fractionation and the release of nutrients from solid waste 

Fish food (silver perch diet) and faeces were fi-actioned to reveal nutrient composition 

of sohd waste from silver perch (Chapter 8). The fi-actionation ofphosphorus showed 

that the diet containing the highest total phosphorus also had the highest concentration 

of water soluble phosphorus. Both fish food and faeces contained a major phosphorus 

fi-action in a labile form, the fraction that is readily available to plants. Faecal analysis 

reveals that ammonium, nitrite and nitrate are relatively low and total nitrogen 

component was the main component in the faeces comprising 86.44%> to 85.62% (dry 

weight basis). The fi-actionation resuhs obtained here were similar to the composition 

resuhs reported by Pettersson (1988) on phosphorus fi-actionation and Kristiansen and 

Hessen (1992) on nitrogen fi-actionation on fish food and faeces. 

Experiments carried out on the release of nutrients showed a rapid release of 

phosphate and a slow release of ammonium fi-om silver perch faeces, a similar pattern 

was also reported by Pettersson (1988) in rainbow trout faeces. The release of 

nutrients fi-om fish food and faeces was found to be affected by temperature and pH of 

the environment. The release rate was accelerated at higher temperatures. Phosphate 

release was higher in acidic medium whereas ammonium release was higher in neutral 

to alkaline media. The release of nutrients from rainbow trout food and faeces were 

also reported to be affected by pH (Persson 1988; Pettersson 1988), and temperature 

(Persson 1988; Kristiansen and Hessen 1992). The present experiments demonstrate 

that fish food and faeces may contain a major phosphorus and nitrogen fraction in a 

labile form and that the leaching of nutrients from solid waste could be instantaneous. 

Therefore an efficient and quick removal of solid waste is essential if nutrient loading 

to the environment is to be controlled. Further experiments are needed on the 

minimization of total and labile nutrient content in silver perch diets in order to reduce 

the phosphorus and nitrogen load to the environment without negatively affecting the 

growth of the silver perch. 
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Effect of salinity on nutrient retention 

A preliminary study was conducted on the rearing of silver perch in slightly saline 

water which showed a better nutrient retention at 4 salinity (chapter 9). Freshwater 

species which can be cultured in slightly saline waters provide a significant advantage 

in expanding aquaculture in brackish water. This is particularly important since 

Australia has a vast brackish water zone and freshwater is very hmited. However 

further research in saline water will be required to confirm the suitability of silver perch 

for culture in brackish water sites. 

In summary, the study demonstrates that the growth of silver perch was 

significantly better at a temperature close to its optimum and the zooplankton could be 

an ahemative diet for silver perch culture. The study also shows that solid waste and 

nutrient load could be significantly less if silver perch are cultured at 25*^C. The 

nutrient composition study reveals that silver perch food and faeces contain a major 

fraction in a labile form and that the release of nutrients from fish food is affected by 

the temperature and pH of the environment. In order to have maximum growth, a 

minimum solid and nutrient load and therefore a sustainable silver perch aquaculture 

programme, silver perch should be cultured at a temperature close to its optimum. 

Based on the above study the following future investigations are recommended 

I. Experiments conducted at 1 to 2°C interval between 20-3 0°C to determine the 

exact optimum temperature of silver perch; 

n. A detailed investigation on heavy metals and other contaminant levels in the 

zooplankton harvested from the Werribee sewage treatment lagoons to determine their 

suitability for use in aquacuhure; 
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III. Further experiments on the optimum nitrogen and phosphorus requirements of 

[silver perch; 

IV. Research by alternate feeding of high and low nutrient diets in order to investigate 

reduction of the nutrient load from silver perch culture; 

V. A through study of the factors affecting the release of nutrients from sediments 

containing silver perch wastes; 

VI. Comparative studies on the biological growth and nutrient retention by silver perch 

in freshwater and saline waters; 
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The Network of Tropical Aquaculture Scientists (NTAS) and the Aquabyte section of Naga have 
come under a new management. The outgoing NTAS Coordinator and ^d'\x.ox o^Aquabyte f^x. R.S.V. 
Pullin and Secretary Ms. Maan P. Bimbao have done a great job, who, in this issue, trace the history 
of the network since its inception. 

With ever increasing demand for fish, all eyes are focused on increasing fish production through 
aquaculture. Much aquaculture research has been and is being done in developing and developed 
countries and the results of these studies are not easily available to researchers in developing coun
tries who lack access to good libraries. Naga, with its wide circulation, could communicate research 
results to a large section of the research community. NTAS encourages young scientists to publish 
their research results in Aquabyte along with those of the Specialists. 

MV.Gupta 

Aspects of Phosphorus Pollution 
from Aq^uaculture 

Golam Kibria, Dayanthi Nugegoda, Paul Lam 
and Robert Fairclough 

Introduction 

Phosphorus is an essential ele
ment for living organisms and ex
ists in waterbodies as dissolved and 
particulate forms. Phosphorus is 
required for optimum growth, feed 
efficiency, bone development and 
maintenance of acid-base regula
tion in fish (Lall 1989; Ketola and 
Richmond 1994). The presence of 
high concentration of phosphates 
in water may indicate presence of 
pollution as it may accelerate plaiit 
gro\Arth (Beveridge 1987) and dis
rupt the aquatic ecosystem thereby 
benefiting certain species and al
tering species diversity in affected 

areas (Anon. 1987; OCE 1988). 
Eutrophication of waterbodies is 
often correlated with the phospho
rus loading into the environment 
(Kaushik 1992) and aquaculture has 
been identified as one of the 
sources of phosphorus pollution 
(EPA 1995). Details of the impacts 
of eutrophication is given in 
Bernhardt (1981). Phosphorus 
must be provided in fish feed be
cause of its low concentration in 
water (Lall 1991). Shidies made in 
Europe and Northern America have 
revealed a phosphorus surplus in 
most commercial feeds which is 
above actual requirements (Tacon 
and de Silva 1983; Beveridge 1987); 
or is supplied in a form which is 

unavailable to the fish (Beveridge 
1987). Surplus phosphorus is ex
creted, while unavailable phospho
rus is passed out in the feces 
(Beveridge 1987). Discharge of 
phosphorus from fish farms and 
hatchery effluents have caused 
phosphorus pollution in Nordic 
countries, North America and Eu
rope (Bernhardt 1981; Alabaster 
1982; Beveridge 1984; EneU 1987; 
Folke and Kautsky 1989; Ketola 
1990; Bratten 1991; Foy and 
RoseU 1991a; UU 1991). This ar
ticle examines the path of phos
phorus pollution, quantification/ 
prediction of phosphorus load 
from aquaculture and remedial 
measures. 
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Path of Phosphorus Loss 

Feed is the main source of 
phosphorus loadings from aqua
culture to the environment (Ketola 
1990; Seymour and Bergheim 
1991). There are a number of ways 
in which phosphorus can be lost 
during aquaculture operation such 
as feed fines, uneaten food, feces, 
dead fish and excretion (Fig. 1). 
However, the main loading of 
phosphorus to the environment 
was reported to be via fecal pellets 
(Pillay 1992; Kibria et al. 1995). 
fish excrete phosphorus in soluble 
and particulate forms (Lall 1979). 
The particulate form (feces) settles 
to the bottom of the tank or 
accumulates in the sediment and 
soluble form is lost through urine 
in the form of phosphate (Lall 1991; 
Pillay 1992). The soluble fraction 
is referred to as either dissolved 
inorganic phosphorus or ortho
phosphate or soluble reactive 
phosphate. It is the dis
solved fraction that is mostavailable 
for plant growth (Bostrom et al. 
1988). 

Data on Phosphorus Pollution 
from Aquaculture 

Phillips etal. (1990) estimated 
that 85% of phosphorus fed to fish 
was lost to the environment. In a 
study made with native Australian 
silver perch {Bidyanus bidyanuii, 
Kibria et al. (1995) demonstrated 
that phosphorus loss from aqua
culture can vary with temperature, 
being higher at a lower tempera
ture (95% lost at 20°C) versus (80% 
lost at Z5°C). The phosphorus loss 
rates of different commercial 
aquaculture species is reported to 
be mostly between 9 and 40 kg of 
fish production (Table 1). The feed 
type could also determine the level 
of phosphorus loss since a much 
higher phosphorus loss could re-

luly 1996 

Feed 

Uneaten 
food 

>/ \1 

Body 
tissue 

Excretion 

>7 
Particulate phosphorus 

\1 

Dissolved phosphorus 

Fig. J. Flowchart of origin of phosphorus in aquaculture from feeding. 

Table 1. Comparision 
ture. 

Country 

Denmark 
Finland 
UK 
N. Ireland 
Norway 
USA 
Poland 
Norway 
UK 
Spain 
Canada 

Phosphorus 
loss (kg/t) 

11.0 
18.3 
15.7 
25.6 

9,0 
10-15 

23 
13.5 

27 
39.2 

6.0 

of phosphorus 1 

Species 

Rainbow trout 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Atlantic salmon 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Rainbow trout 
Brown trout 

OSS rates (kg fish produced) in aquacul-

Culture method 

Ponds 
Ponds 
Ponds 
Tanb 
Ponds 
Jars 
Cages 
Cages 
Cages 
Ponds 
Tanks 

Reference 

Warren-Hansen (1982) 
Sumari (1982) 
Solbe (1982) 
Foy and Rosell (1991b) 
Ibrekk (1989) 
Ketola (1991) 
Penczak etal. (1982) 
Enell and Lof (1983) 
Phillips (1985) 
Tarazona etal. (1993) 
Cho etal. (1991) 

suit if trash feed is supplied to fish 
compared to dry and moist feed 
(Warren-Hansen 1982). 

Quantification of 
Phosphorus Loss from 

Aquaculture 

The phosphorus loss/pollution 
load to the envuromnent can be es
timated from data on retention in 
fish carcass using feed/gain data 
(Ketola 1990). It is equal to the dif
ference between what is added by 
the feed and what is utilized for fish 
production (Foy and Rosell 199 lb). 
In order to determine the phospho
rus retention in carcass growth, 

survival and feed conversion data 
are needed to be determined ini
tially. Next, phosphorus concentra
tion is to be analyzed in feed, fish 
carcass, uneaten food and solid 
wastes (feces). Then the amount of 
soluble and suspended phosphorus 
(F) discharged in water could be 
determined using the following 
phosphorus balance equation: 

P discharged in water = P supplied as 
feed - (P deposited in body tissues -i-
P in uneaten food -i- P in solid 
wastes) 

The food conversion ratio (FCR) 
can play a significant role in 
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determining the level of phospho
rus pollution expected since an 
increase in FCR value from 1.0 to 
1.5 may increase pollution load to 
about 86% for total phosphorus 
(Storebakken and Austreng 1987a, 
1987b). Therefore, improvement of 
FCR is vital for reducing phospho
rus pollution from aquaculture. A 
strong correlation was found be
tween the phosphorus loss rates 
and the FCR with silver perch: the 
better the FCR, the lower the rates 
of phosphorus loss (Fig. 2). 

Simple Calculation 
of Phosphorus Retention 

If a commercial diet contains 
1.7% phosphorus and retention of 
phosphorus is estimated to be 21 %, 
then phosphorus wasted per ton of 
feed supplied can be calculated as 
follows: 

5 

4 

DC 
O 3 
U-

2 

y= 0.070X + 0.396 r̂  = 0.972 / 

/u 

X 
^ / 

/ 

X 
r i l l I I 
10 20 30 40 50 60 

Nutrient loss rate (kg/t production) 

a&sf&s the quality of freshwater 
aquatic environment (Table 2). 
Based on this, it appears that 
effluents from fish farms and 
hatcheries will be of d^^aded qual
ity since the discharge from fish 
farms and hatcheries are reported 

The amount of P present per ton of feed 
If P retention is 21%, the amount of P retained 
The amount of P dischai^ed (as solid and 

dissolved) to environment 

Values at different FCR 

At FCR 1.0:1, the amount of P present per 
ton of feed 

At FCR 1.5:1, the amount of P present per 
ton of feed 

At FCR 2.0:1, the amount of P present per 
ton of feed 

P losses tp environn^ent 

atFCR 1.0:1 —^ (17.0-3.57) —> 

atFCR 1.5:1 —> (25.5-5.35) —> 

at FCR 2.0:1 — * . (34.0-7.14) —^ 

II 
II 

II 
II 

II 
II 

II 
II 

II 

1 000 kg X 0.017 kg= 17.0 kg 
17kgx0.21= 3.57 kg 

17-3.57= 13.43 kg/t of feed fed 

1 000 kg X 0.017 kg =17.0 kg P 

1 500 kg X 0.017 kg = 25.5 kgP 

2 000 kg X 0.017 kg = 34.0 kg P 

13.43 kg P/t feed fed 

20.14 kg P/t feed fed 

26.86 kg P/t feed fed 

Phosphorus as an 
Indicator 

of Water Quality 

The phosphorus concentration 
at any given time may be used to 

to contam 0.15 mg/1 total phospho
rus (Warren-Hansen 1982) and 0.1 
mg/I dissolved phosphate 
(Alabaster 1982), which leads to the 
possibility of eutrophication in 
waterbodies which receive direct 
fish farm effluents. 

Fig. 2. Relationship 
between the food con
version ratio (FORI 
and average phos
phorus loss rate per 
tonne of silver perch 
(ffidyanus bidyanus) 
production. The 
lower FCR value ob
tained at 25°C when 
good growth is 
achieved and FCR at 
20°C when compara
tively poorer growth 
resulted (Kibria et al. 
1995). 

Identification of the 
"Right Phosphorus" 

As mentioned above, feed is the 
main source of phosphorus pollu
tion in aquaculture. In plants, two-
thirds of phosphorus is bound in 
phytin that trout and salmon 
cannot digest (Ketola 1990). It has 
been demonstrated that phosphorus 
requirements are species-specific 
and surplus phosphorus provided 
through feed is either excreted. 
Most of the animal and inorganic 
sources of phosphorus are readily 
available to fish (Ketola 1990). 
Ketola (1982) reported that the 
source of the phosphorus signifi
cantly influenced the retention as 
well as loss rate, e.g., defluorinated 
rock phosphate (DRIO resulted in 
good growth of rainbow trout with 
a reduction of 46% in phosphorus 
discharge (Ketola 1985) in com
parison to dicalcium phosphate 
(Ketola 1991). Additionally, the 
bioavailability of dietary phospho
rus is influenced by the digestibil
ity of diet, particle size, interaction 
with other nutrients, feed process-
it^ and water chemistiy (Lall 1991). 
Sahnonids utilize phosphorus from 
fish meal more efficiently than do 
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,i:ari) (Yone and Toshima 1979) 
whereas availability to tilapia is low. 

Phosphorus Release 
from Food and Feces 

The majority of phosphorus 
loss is in particulate form such as 
feces and uneaten food. However, 
release to the environment of phos
phorus from food and feces depends 
on physico-chemical characteristics 
of the environment such as pH, tem
perature, oxygen, turbulence and 
microbial activity (Persson 1988). 
Phosphorus release from fish food 
was observed to be accelerated in 
acidic rather than in neutral or al
kaline medium (Fig. 3). 

The bioavailability of phospho
rus from fish food and feces de
pends on proportion of labile phos
phorus there. The fish food having 
the highest total phosphorus con
tent has been found to have the 
highest concentration of labile 
phosphorus (Kibriaetal. 1995). 

Overcoming Phosphorus Pollution 
from Aquaculture 

To reduce phosphorus pollu
tion, the follov^nng are important: 

1. estimation of phosphorus bal
ance of species under aqua-
cultixre (Ketola 1991); 

2. feed composition and type (e.g., 
extruded feeds are more digest
ible and generate less dust and 
solid waste and also result in 
better FCR (Warren-Hansen 
1982; Matty 1990); 

3. feeding techniques (e.g., avoid
ing overfeeding and adjusting 
feed amount and frequency to 
the temperature (Seymour and 
Berghemil991); 

4. formulation of diets to meet 
nutrient requirements and 
proper choice of dietary in-

Table 2. Criteria for assessing water quality of fresh 
water based on phosphoais level ((DCE 1988), 

Total phosphorus Dissolved phosphorus 
(mg/l| (mg/1) 

.'Excellent 
Good 
Moderate 
Poor 
Degraded • 

<0.010 
<0.025 
<0.050 

.<0.100 
:<0.100 

<0.008 
<0.020 
<0.040 
<0.080 
<0.080 

gredients (Kaushik 1992); and 
5. reduction of phosphorus lev

els in feeds without affecting 
growth, feed efficiency, health 
and reproduction (Kendra 
1991;Lani991). 

Fish farm effluents can in
crease phosphorus levels and con
sequently cause eutrophication in 
receiving waters. As a result, fur
ther use of such waterbodies for 
recreational or domestic or indus
trial purpose will be seriously af
fected. In Asia, where aquaculture 
is a booming industry and demand 
to use water for agriculture 
and domestic purposes is 
high, it is essential that more 
research on phosphorus pol
lution is conducted. As phos
phorus requirements are spe
cies-specific, it is vital that 
phosphorus be provided in 
feed at a level that maxunizes 
growth of fish but minimizes 

pollution of the envi
ronment. In this con
text, research on the 
development of "low 
pollution diets" are of 
utmost importance. 
The nutrient from 
aquaculture can be 
minimized by retain
ing wastewater (efflu

ents) in holding ponds and by re
using wastewater on lands for 
growing crops in integrated aqua
culture-agriculture system. The 
other altemative would be to de
velop high energy diets which re
duce phosphorus discharge to the 
environment compared to normal 
feed (Bohl et al. 1992). Though 
aquaculture has been identified as 
one of the point sources of phos
phorus pollution, phosphorus 
loadings to the environment from 
fish farms is minimal compared to 
other sources such as agriculture 
(Tables). 

fCjJ. 

le'Slfypical hufrieii't conce'nfratiorrfdr.vori-
CTs'poinlSoi 

15r 

Fig: 3. The release of 
phosphate from fish 
food at different pH le
vels. The food was in
cubated at 20 °C for 
seven days. 

July 1996 
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Australian Native Species in Aquaculture 

G. Kibria', D. Nugegoda', R. Fairclough' and P. Lam' 

Abstract 
Australian native freshwater fish and crayfish possess good food, recreational and commercial val
ues. Although aquaculture is an infant industry, expanding rapidly due to recent local and overseas 
(Asian)demands for native species. This article gives a glimpse of the status of native freshwater 
aquaculture in Australia. (The Victorian Naturalist 113, 1996,264-267) 

Introduction 
Australian native fish and crayfish form 

the main freshwater aquaculture industry 
of the country. Australia has few freshwa
ter fish (180-190 species) (Merrick and 
Schmida 1984), most of which are native 
to Australia. Among them only four native 
fish possess potential for aquaculture. 
Silver Perch Bidyanus bidyanus) Golden 
Perch Macquaria ambigua, Murray Cod 
Maccullochella peeli and Freshwater 
Catfish Tandanus tandanus (Hume and 
Barlow 1993) 

Silver Perch 
Silver Perch fanning is booming in the 

country and there is an interest in cultivat
ing the species in countries like China, and 
Taiwan. The farms are spread over the 
warmer parts of New South Wales, 
Queensland and Victoria. New South 
Wales has the highest number of Silver 
Perch farms followed by Victoria and 
Queensland. Factors contributing to the 
expansion of the Silver Perch industry 
include good growth rates, their accep
tance of low-protein diets (Barlow 1986; 
Rowland and Barlow 1991), the ease of 
culture in earthen ponds (Rowland et al. 
1994) and their omnivorous feeding habits 
(Rowland and Barlow 1991). The demand 
for Silver Perch farming is so great that at 
this stage three commercial feed compa
nies (Kinta, Janos, Barstock) are manufac
turing Silver Perch feeds. Further stimulus 
for Silver Perch arose with the huge recent 
shipment of fry and fingerlings to China. 
It is believed that the Chinese are interest
ed in rearing Silver Perch in their tradition
al ponds since it is an ideal species for 
Chinese pond polyculture systems. At the 

'Vicloria University of Teclinology, PO Box 14428, 
Mellx)ume 8001, Australia 
'City University of Hong Kong, Kowloon , Hong 
Kong 

recent international conference held in 
Beijing (Fourth Asian Fisheries Forum, 
16-20 October 1995), a number of enquires 
were made regarding Silver Perch (Fig. 1). 

Fig. 1 Silver Perch fingerlings are in great 
demand both in Australia and in overseas (e.g. 
China) to stock in ponds and dams. 

Above all, freshwater fish production is 
increasing in Australia mainly due to an 
increasing interest and investment in grow
ing Silver Perch (Table 1). 

Table 1. Native Aquaculture 
(value $000). 
Source :0'Sullivan( 1994) 
Year 

1989-90 
1990-91 
1991-92 

Native 
Fish 
2,888 
2,913 
4,355 

Production 

Native 
Crayflsh 
1,599 
2,339 
2,235 

Golden Perch 
Golden Perch farming has not been so 

popular although it is more attractive to 
consumers than Silver Perch. Trials are 
being conducted by the government 
research institutes to develop Golden Perch 
diets (Arumugam and Geddes 1987). Once 
commercial Golden Perch feeds become 
available in the market, then Golden Perch 
fanning would become a popular aquacul-
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ture industry since consumer demand for 
Golden Perch is high and can therefore 
fetch higher market prices. Some private 
companies are conducting research to 
develop Golden Perch feed from sewage-
grown zooplankton (Zootech News 1994). 

Freshwater Crayfish 
Australia has the most diverse collection 

of freshwater crayfish in the southern 
hemisphere, three of which used in aqua
culture. These are, Yabby Cherax destruc
tor, Marron Cherax tenuimanus and 
Redclaw Cherax quadricarinatus. Yabby 
farms are located in South Australia, 
Victoria and New South Wales (Kailola et 
al. 1993). Marron have been commercially 
cultured in Western Australia for the last 
20 years (Kailola et al. 1993). Redclaw 
requires more tropical conditions and is 
cultured mainly in Queensland. The natur
al distribution of freshwater species can be 
seen in Fig. 2. There is a big domestic mar
ket for crayfish but both live and frozen 
crayfish are also being exported to nearby 
Asian coimtries. A summary of biological 
information on native Aquaculture species 
is given in Table 2. 

Conclusion 
The demands for freshwater and marine 

foods in Australia are increasing as a result 
of population increase, Asian migration 

and health consciousness. It is predicted 
that Australian native aquaculture industry 
would become a lucrative primary industry 
in food production (Gooley and Rowland 
1993). 
However, it should be noted that effluents 

from aquaculture industry may cause water 
pollution as nutrients discharged may 
cause eutrophications to water bodies 
(Foy and Rosell 1991; Ketola el al. 1991). 
An increase in water turbidity and oxygen 
demand in natural systems may come from 
the solid wastes of aquaculture. Therefore 
it is essential to monitor the level of nutri
ent discharged from aquaculture industry 
to the natural system in order to prevent 
any environmental disasters. 

Since natural populations of Australian 
native freshwater species are either threat
ened or in decline due to physical, chemi
cal and biological reasons (Cadwallader 
1978; Scott 1989), the demands of 
Australian aquaculture for large numbers 
of fingerlings, to supply the overseas mar
ket and to stock dams and ponds in 
Australia, could also offer the opportimity 
to restock natural Australian freshwater 
systems and reduce the necessity of fishing 
them. Thus, this programme would also 
offer the opportunity to help reverse the 
decline in natural populations. 

NATIVE FISH NATURAL DISTRIBUTION NATIVE CRAYFISH NATURAL DISnUBUTlON 

i> 
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, Fig. 2. Natural distribution of native Australian species under .aquaculture 
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Table 2, Summary of biological, information on native species. 
Legend: C=Celsius; CL=Carapace length: F.W= Freshwater; WT=Water temperature; T= temperature 
A= Breeding season; B= Age and size at maturity;CC= Breeding stimulus; D= Temperature tolerance; 
E= Optimum growth temperature; F= Fecundity; G= Feeding habits 
Figures in parenthesis denotes source 
Sources: l.Uke (1967a); 2, Merrick (1980); 3.Lake( 1967b); 4. Rowland(1992a);5.Whiteley(1960);6.Backhouse et 
al,(I99la); 7.Lake(1967c);8, Cadwallader(1977); 9.Lake(l967d);IO, Backhouse et al,(l99lb);l I,Kailola et 
al,(1993); I2.Llewellyn and Macdonald(1980); l3.Cadwallader(1978); l4,Rowland(l988); 15, Mosig(1982); 16. 
RowIandC 1992b); 17. Llewellyn and Pollard(1980); 18.Davis(1977); l9.Macleans(1975); 20.Johnson(l988); 
21.Merrick and Lambert( 1990); 22.0'Sullivan((1992); 23.Mitchell and collins( 1989); 24.Jones( 1990). 

SPECIES CC 

Silver Perch Oct-Dec( 1) M-2 yrs;F-3 yrs(2) 

Golden Perch OcL-Mar(8) 2-3 years(3), 

Murray Cod Oct.-Dec(I2) 4years(13,l) 

F.W Cattish Oct.-Dec( I) few at 2 years 
most by 5 years(17) 

Yabby Oct.-Mar(ll) 0.2-0.3 year 
(30-50mmCLXll) 

Redclaw Allyeai(ll) 1.0yeai(ll) 

Marron Sep.-Oct(ll) 1-3 years, 
(25-30ramCLXll) 

T >23.3 C + increase 
in water level(3 
T23.5C 4-
&flooding(9,l) 
T>21 C, water level 
rise not essential (3,14) 
T24C(18) 

T>15C(20) 
increase in dayiength 
WT above 20 C& 

2-37 C(4) 

38 0(4) 

2-33 C( 15) 

1-38 C(15) 

1-38 C(21) 
28 C (23) 
5-42 0(24) 

increment in day Iength( 11) 
rise in water temp.(l 1) 5-32 0(21) 

23-28 0(4) 

23-28 0(4) 

20 0(4) 

19-25(1) 

20-23 0 (22) 

24-30 0(23) 

24-30 0(22), 
24 0(11) 

Silver Perch 
50,000 (1.8-2.0 kgX5) 

Golden Perch 
500,000(2.2-2.4kgX3) 

Murray Cad 
30,000-50,000 
forl-2kgfish(16) 
F.W Catfish 
18,000(1.25kg)-
26,000(2.27kg(3) 
Yabby 
IOOO(large 
femaleXll) 
Redclaw 
300-1000(24) 
Marron 
40-2400(21) 

omnivore-consists of zooplankton(ostracods),shrimps,small aquatic insects,molluscs,earth 
worms & plant material(6,7);larvae feed on both phyto & zooplankton(7) 

camivore-mainly crustaceans(yabbies) .aquatic insects.molluscs and fish(lO). Young 
golden feed on zooplankton on recently inundated floodplairis(l 1) 

camivore-adults feed on cnistaceans,molluscs,fish, occasionally amphibians 
and reptiles(l 1,14), larval feed consists of copepods,cladocerans(16), 

adults are omnivorous, young cat zooplankton & wonns(19),adults carnivores & bottom 
feeders feed on molluscs & cnisuceaiis( I) 

juvenile - filter feeder, adult feeds on detritus.plant material and small invertebrates(23) 

larvae diet includes zooplankton & detritus and adult diet mainly detritus(24) 

opportunistic scavenger-detritus,plant and animal material & aquatic insecU(l 1) 
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This attractively presented little book is 
printed on good quality paper and its cover 
features a colour photograph of a 
Tasmanian endemic, the Long-tailed 
Mouse, Pseudomys higginsi. The 
Introduction confirms what the title sug
gests, that.this is the first of a series; the 
second is on birds, and subsequent vol
umes on reptiles, frogs and freshwater fish
es are intended." The contents are tallied 

most succinctly on the rear cover; '2 
monotremes, 20 marsupials, 38 eutherians, 
including 13 marine mammals [of about 32 
known from local waters], and 10 intro
duced mammals. Giving information on 
evolution, relationship[s], identification, 
distribution, habitat, abundance, food, 
behaviour and breeding.' Illustrated with 64 
j)hotographs [mainly by the author].' 
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AQUACULTURE IS an important 
aquatic food production industry 
which is becoming popular in 

Australia as a result of increasing 
demand for firesh and healthy foods. The 
bulk of current aquaculture production 
comes from salmonids, prawn, native 
fish and freshwater crayfish. To achieve 
rapid growth and a profitable produc
tion, formulated artificial food is used in 
the rearing of fish. During aquaculture 
operations wastes are generated in the 
form of solids and soluble products that 
may cause water pollution to the receiv
ing waters. These wastes are uneaten 
food, faeces, scales, mucus (solid wastes) 
and dissolved nutrients (soluble waste) 
(Figs 1 & 2) may result from the feeding 
and metabolic processes of the culture 
organisms. The two most important 
nutrients incorporated in fish food are 
the nitrogen and phosphorus essential 
for biological growth of fish but an 
abundance of these nutrients could 
cause algal blooms or eutrophication in 
natural waters. Phosphorus is the key 
nutrient for the growth of algae in fresh
water, and nitrogen as anmionia is toxic 
to fish and is also an important nutrient 
required by algae. ̂  It is therefore imper
ative that the digestive and metabolic 
wastes are reduced to a minimum so that 

food-N 

^-correct si2e|^ r 3 consumed C^assimilated^^bodvtissupTB^B 

;[ , , ^ _ ^ ^ ^ ^ ^ J ^ 
fines uneaten food faeces | gill excretion | 

i 1 + • + ' 
1 particulate nitrogen dissolved nitrogen 

•P^"' 

main path of nitrogen lost to environment 

Figure 2. General flow chart of origin of nitrogen in aquaculture from feeding. 

aquaculture can be an environmentally 
sustainable development program. Since 
feed cost accounts for about 60% of 
aquaculture production, it is also eco
nomically desirable that feed loss be 
minimised. This article discusses the 
factors associated with pollution from 
aquaculture and possible impacts of 
aquaculture wastes on our environment. 

Results and discussion 
Research conducted in our laboratory 
found that temperature and food con
version (kg food fed/kg fish produced) 
could affect the amount of loading from 

main path of phosphorus lost to environment 

Figure 1, General flow chart of origin of phosphorus in aquaculture from feeding. 

aquaculture. The native fish silver perch 
Bidyanus bidyanyus when reared in dif
ferent temperatures produced less sohd 
and nutrient load at 25''C compared to 
other temperatures in the order of 25°C 
<30<'C < 20°C. The better growth rate 
and good food conversion ratio (FCR) at 
25°C may be related to the compara
tively low pollution load achieved at this 
temperature. Furthermore, a good nitro
gen and phosphorus retention in the 
carcass may have attributed to the lower 
nitrogen and phosphorus pollution at 
25°C. Nonetheless, the average nitrogen 
and phosphorus pollution was found to 
be more than 50% of food fed to fish at 
25°C. The main path of phosphorus and 
nitrogen loss was found to be via faecal 
pellets and gill excretion respectively 
(Figs 1 & 2). The daily ammonia and 
orthophosphate discharges increased at 
the higher temperature and were 
affected by the type of diet. The nutrient 
release from solid waste was observed to 
be dependent upon pH of the environ
ment, for example the release of phos
phorus was accelerated in acidic media 
whereas ammonium in neutral-to-alka
line media (Figs 3 & 4). The fish food 
having the highest concentration of 
phosphorus generated faeces with most 
labile phosphorus as characterised by 
the distilled water and ammonium chlo
ride extractable fractions (Table 1). 
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Impact of solid wastes 
The solids produced per tonne of fish 
production is reported to be in the range 
of 300-1000 kg.^ We have estimated a 
figure of 308 kg/tonne from silver perch 
production based on our results al 25°C, 
and at 20°C it was almost doubled, 
apparently due to poor growth. The 
accumulation of solid wastes could lead 
to the formation of hydrogen sulfide in 
the nearby environment which is highly 
toxic to fish, in addition the organic 
waste may cause a high demand for oxy
gen' and increase in bacterial popula
tions.^ Suspended solids could affect 
light penetration and increase in silta-
uon in river/lake beds, lower dissolved 
oxygen levels and produce hydrogen 
sulfide and methane.^ From our experi
ments and others, it appears that the 
quantity of solids and dissolved organics 
produced from aquaculture is directly 
related to the quantity of food absorbed. 
Poor quaUty of ingredients added to feed 
may result in decreased availability of 
nutrients and increase in faecal losses.^ 

Impact of nutrient 
The phosphorus loss to the environment 
has been estimated to be 66-70% of feed 
fed* whereas nitrogen loss through gill 
excretion and faecal output could be 
78%.'' At the best growth rate tlie phos
phorus lost in our experiments ranged 
from 63-80% and nitrogen lost varied 
between 50% to 63%. An increase in 
nutrient load could stimulate algal 
blooms or eutrophication in water bod

ies receiving fish farm effiuents, result
ing in the fluctuation of oxygen and pH 
levels, and may put a great strain on 
water-treatment facilities.® 

Relationships between FCR 
and nutrient loss 
The nutrient loss rates were reported to 
be dependent on FCR and the nutrient 
content of diet.^ At 25°C, the better FCR 
obtained in our experiments may have 
caused less pollution load. Feed is the 
main source of pollution in aquaculture 
and the FCR determines the level of pol
lution, for example an increase of FCR 
from LO to L5 is reported to have 
increased the phosphorus and nitrogen 
pollution to about 86% and 70% respec
tively'° 

Fractionational composition of 
nutrient and algal growth 
Our experiment demonstrated that both 
fish food and faeces may contain a sig
nificant proportion of labile phosphorus 
(Table 1). Since the algal growth is 
related to the proportion of labile phos
phorus in the input, ' it is therefore of 
paramount importance to reduce the 
total phosphorus as well as the labile 
phosphorus content in fish foods'' in 
order to minimise the phosphorus pol
lution fix)m aquaculture. 

Conclusion 
Otir research shows that growing of fish 
at optimum temperature may reduce the 
solid and nutrient load to the environ-

Extraction methods 

Distilled water 

Ammonium chloride 

Sodium hydroxide 

Hydrochloric acid 

D ie t l 

2.57 

1.68 

2.33 

2.25 

Diet 2 

1.87 

1.44 

1.68 

1.5 

Faeces 1 

1.03 

1.46 

1.1 

1.0 

Faeces 2 

0.94 

1.0 

0.68 

0.71 

Note: Phosphorus content in diet 1 and diet 2 are 1.3% and 1.16% respectively; 
Faeces 1 and faeces 2 are from the diet 1 and diet 2 fed to fish; 
The fraction extracted by distilled water and ammonium chloride Is readily available to plants 

Table 1. Fractionational composition of phosphorus in fish food and faeces(m9 P/g dry weight) 

-« t— 
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< 

Figure 3.The release of phosphate from fish 

food at different pH.The food was incubated 

at 25°C for seven days 

Figure 4.The release of ammonium from fish 

food at different pH.The food was incubated 

at 25°C for seven days. 

ment. A good food conversion ratio 
(FCR) could reduce the pollution load 
which is also vital for economical pro
duction. In order to reduce the environ
mental impacts of aquaculture, 
development of low-polluting diets is of 
utmost important. The simple altema
tive would be to feed fish according to 
demand or raising of fish during opti
mum growing temperature or seasons. 
However, further research on the opti
mal nitrogen and phosphorus require
ments of fish that will maximise the fish 
growth but minimise the pollution load 
to enviroiunent is essential. Experiments 
are also needed on the labile fraction of 
nitrogen and phosphorus in commercial 
aquaculture diets and factors related to 
the release of nutrient from the sedi
ments containing the aquaculture 
wastes. All of this information is vital for 
environmental management strategy 
planning and the development of diets 
of low pollution potential. 
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Abstract 

The native silver perch Bidyanus bidyanus has good potential as an aquaculture species in 
Australia. Juveniles of this species (1.14-2.13 g) were reared in glass aquaria at room tempera-
lures (18-20°C) with aeration. Fish were kept Individually in separate aquaria for the study of 
growth and solid waste production. In the first experiment, three commercial diets referred to 
as diet 1, diet 2 and diet 3 were offered to fish for four weeks in order to study the gain in 
weight and food conversion ratio. The gain in weight decreased in the order of fish fed diet 2 > 
diet 1 > diet 3 (P>0.05). In the second experiment, diets 2 and 1 were fed to fish for four 
weeks in order to study the relationship between growth of fish and production of solid wastes 
(suspended and dissolved) in the culture system. Diet 2 resulted in slightly better gain in weight 
(P>0.05) and less solids production in comparison to diet 1. 

Introduction 

The silver perch (Bidyanus bidyanus) is an Australian native fish of high 
aquaculture potential (Rowland et al. 1995). It is one of four principal species 
of the Murray-Darling River systenn and is much sought after by commercial 
and recreational fishers (Cadvî allader 1979). Although aquaculture is an infant 
industry in Australia, interest in the culturing of silver perch is growing both in 
Australia and in nearby Asia (Gooley and Rowland 1993). 

Previous research on B. bidyanus has concentrated on its biology 
(Rowland and Barlow 1991; Allan and Rowland 1992; Rowland and Allan 1994; 
Rowland et al. 1995) and nutrition (Allan and Rowland 1992; Allan et al. 1994; 
Allan and Rowland 1995). Until now there have been no attempts to study the 

'Paper presented at the Fourth Asian Fisheries Forum, 16-20 October 1995, Beijing, China. 
^Present address: Biology and Chemistry Department, City University of Hong Kong, Kowloon, 
Hong Kong. 
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amount or types of waste entering the environment from the rearing of silver 
perch or other species in Australia. This information is required since research 
in Europe and North America demonstrates a strong relationship between 
water pollution and the discharge of fish farm effluents (Albaster 1982; Ketola 
1982; Penczak et al. 1982; Solbe 1982; Bregheim et al. 1984; Phillips 1985; Carr 
and Goulder 1990; Beveridge et al. 1991; Cowey and Cho 1991; Foy and Rosell 
1991a, 1991b; Persson 1991; Pillay 1992; Ketola and Richmond 1994). This is 
the first in a series of planned experiments to study waste production from 
rearing of silver perch. These preliminary trials were designed to study growth 
and waste production at 18-20°C (room temperature) since previous research 
has demonstrated that silver perch can grow at temperatures as low at 12°C 
(Bariow and Bock 1981; Rowland 1995). Based on these results, further studies 
will be conducted on other forms of pollution from aquaculture of silver perch. 
The objectives of these preliminary rearing trials were: 

• To evaluate growth performances (gain in weight and feed conver
sion) of silver perch fed on three locally available commercial diets; 

• To compare the amount of solid waste (uneaten food and feces) load 
from the feeding of silver perch with reference to growth achieved. 

Materials and Metliods 

The experiments were conducted in the wet laboratory at the Victoria 
University of Technology. The experimental fish (1,140-2,130 mg) were pur
chased from a local native fish fcirm where fish were grown in earthen ponds. 
They were acclimatized in the laboratory in large holding tanks (46 x 30 x 30 
cm) for four weeks before use in experiments. All experiments were con
ducted at room temperatures of 18-20°C. Domestic tap water was used after 
dechlorinaUon with an appropriate condifioner (Sera Aquatan). pH was moni
tored using a pH meter (Orion SA 520), and water temperature and fish health 
were monitored routinely. The pH of water was maintained at 7.5-8.5 using 
sodium bicarbonate or sodium bi-phosphate to adjust the pH. Fish were fed sil
ver crumbles/starter (appropriate for fingeriings) at the rate of 3% body weight 
as recommended. They were fed twice per day (0900 and 1600), 6 d per 
week. Sampling was conducted once a week to measure gain in weight and 
to adjust feed amount. The experimental details are given in Table 1. Proxi
mate analysis was done following AOAC (1990) and Chiu (1989). Protein was 
analyzed by Kjeldahl method (N x 6.25), fat by ether extraction (New 1987), 
moisture by drying in an oven overnight at 105''C, ashing by burning samples in 
a muffle furnace at eOO'C overnight, and carbohydrate by difference in weight. 
Gross energy of diets was calculated using kilocalorie values of 5.5-g"' protein, 
9.1.g' lipid and 4.1-g-' carbohydrate (New 1987). 
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Experiment 1: Effects of Feed on Growth and Feed Conversion 

The experiment ran for four weeks and tested three commercial diets, 
referred to as diet 1, diet 2 and diet 3 with protein content of 53, 45 and 36%i 
respectively. Table 2 shows the proximate composition of the diets. Fish (1.14-
1.54 g) were kept individually in separate aquaria (30 x 16 x 17 cm) to study 
individual growth performance with respect to gain in weight, food conversion 
ratio (FCR) and specific grov^^ rate (SGR). Unfed fish (control) were kept in 
separate aquaria to compare growth performance of fed fish. A biological filter 
was used in each tank to enhance the culture environment. 

Table 1. Experimental details of feeding tricds 1 and 2 conducted at room temperatures (18-20°C) 
with silver perch juveniles. Trial 1 tested three diets, while trial 2 tested two diets. Both experi
ments ran for 28 d. 

Trial 
no. 

Temperature 
(°C) 

Tank size 
(cm) 

Diet 
no. 

No. 
tanks/diet 

No. 
fish/tank 

No. 
fish/treat

ment 

Average 
initied 

size_.(mg) 

1 
1 
1 
2 
2 

18-20 
18-20 
18-20 
18-20 
18-20 

30 X 16 X 17 
3 0 x 16x 17 
30 X 16 X 17 
30 X 16 X 17 
3 0 x 16x 17 

1 
2 
3 
1 
2 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

1,540 
1,140 
1,440 
2,000 
2,130 

Table 2. Proximate composition and other information of the three diets fed to 
silver perch juveniles in trials 1 and 2. Trial 1 used all three diets while trial 2 
used diets I and 2 only. 

Protein 
Fat (%) 
Carbohydrate (%) 
Ash (%) 

Nitrogen (%) 
Phosphorus (%) 
Fiber (%) 
Dry matter (%) 
Moisture (%) 
Digestible energy (Kcal-kg^') 
DE/P (Kcal-kg-') 

Diet I 

53.00 
06.92 
27.02 
13.06 

08.48 
01.31 
01.42 
91.80 
08.20 
5,027 

95 

Diet 2 

45.00 
08.50 
36.66 
09.84 

07.20 
01.16 
03.00 
90.12 
09.88 
5,273 

117 

Diet 3 

35.89 
4.96 

46.15 
13.00 

05.74 
01.28 
02.00 
88.99 
11.01 
4,851 

135 
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Experiment 2 : Effects of Feeding on Suspended and Dissolved Solids 
Production 

Here, as above, individual fish were kept in separate aquaria but fed diets 
1 and 2 which sustained the best gain in weight in experiment 1. This experi
ment was designed to study the amount of suspended and dissolved solids 
produced over a 4-week growth period. No biological filter was used in the 
aquaria, however aeration was provided and dissolved oxygen level was more 
than 6 mg-l"'. One-third of the water was exchanged daily. Each aqueirium was 
siphoned once every moming to collect uneaten food eind feces (solid waste) 
using a 5-mm hose. Collected solids were filtered first through a fast filter 
(Whatman 512) and later through a standard 0.45-/im glass fiber filter (APHA 
1989). The residue retained on both filters was dried in an oven at 105°C for 1 
h, cooled in a desiccator and weighed using an analytical balance. The in
crease in weight was considered as total suspended solids and was deter
mined as suspended solids/fish. The filtrate from the total suspended solids 
was used for total dissolved solids determination folloviang APHA (1989). 

The following formulae were used: 

Weight gain (g) :Final weight of fish - Initial weight of fish (Chiu 1989) 

Feed conversion ratio (FCR) .Weight of feed fed (Laird and Needham 1988: Chiu 1989) 
Weight gained by the fish 

Specific growth rate (SGR) :ln w, - lnw„ x 100 
a"̂  (Taird and Needham 1988; Chiu 1989) 

where. In = natural logarithm; wt = average final weight; 
WQ = average initial weight; d = total days of experiment; 

Protein efficiency ratio (PER):Wet fish weight gain/Dietary protein intake (EIFAC 1980) 

Total dissolved solids (mg/1) : (A - B) x 1,000 
sample volume, ml (APHA 1989) 
where A = weight of dry residue + dish,(mg); 
B = weight of dish, mg 

Results were analyzed by one-way analysis of variance (ANOVA) or a 
2-sample student t-test using an IBM-compatible MS Excel program. The level 
of significance was set at 0.05 for all statisfical tests performed. 

Results 

Of the three diets, diet 2 resulted in the best growth rate (Fig. 1.). How
ever, statistical analysis did not reveal any significant difference (P>0.05) in 
weight gain among the fish fed the three different diets. Better FCR and SGR 
were achieved in diet 2 (P<0.05) than in the other diets (Table 3.). Diet 3 had 
the poorest FCR and SGR, and was not used in trial 2. The survival rate in 
experiment 1 was 100%. 
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Table 3. Weight gain, specific grovrth rate and food conversion of individual silver perch 
fed three diets and reared at room temperatures for 28 d in trial 1. 

Diet 1 Diet 2 Diet 3 

Average initial weight (mg) 
Average final weight (mg) 
Gain in weight (mg) 
Percentage gain in weight 
Specific growth rate (SGR) 
Food conversion ratio (FCR) 
Protein efficiency ratio (PER) 
Survival 

1,540 
1,980 

440±19' 
29±1.40i 

1.05±0.07' 
2.97±0.06' 
0.69±0.02' 

100 

1.140 
1,600 

460+22' 
40±2.22 

1.41±0.032 
2.24±0.102 
0.99±0.072 

100 

1,440 
1,830 

390±50' 
27±l.70' 

0.99±0.04' 
3.20i:0.04i 
0.89±0.062 

100 

'Values are mean±SE; n=10. 
Values in the same row with common superscripts are not significantly different 
(P>0.05). 
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Fig. 2. Mean suspended solids produced by silver 
perch (2.00-2.13 g) fed two diets in experiment 2 
and reared for four weeks at 18-20°C (n = 10). The 
control group was unfed. 

Fig. 1. Gain in weight/fish (mean±SE; 
n=10) of silver perch juveniles reared 
for four weeks and fed three diets @ 6 
d 'week' at room temperatures (18-
20°C). There were no significant 
differences in weight gain of fish fed 
three diets (P>0.05). The control group 
was unfed. 

Fig. 3. Mean dissolved solids C±.SE) produced by 
silver perch (2.00-2.13 g) fed two diets in 
experiment 2 and reared for four weeks at 18-20°C 
(n= 10). The control group was unfed. 

In the second experiment v̂ dth two diets, diet 2 again resulted in slightly 
better SGR and FCR than diet 1, though the results were not significantly differ
ent (P>0.05). Slightly less suspended and dissolved solid waste was produced 
by fish fed diet 2 (Figs. 2 and 3). Solid waste production from diets 2 and 1 
was 350 mg.fish-' and 400 mg-fish"', respectively, and was not significantly dif
ferent (P>0.05). The dissolved solids produced was 1,647 mg-l"' with diet 2, 
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and 1,711 mg-I' with diet 1. Unfed fish (control) produced the least amount of 
suspended and dissolved solids and this was significantly different from that 
produced by fed fish (P<0.05) (Figs. 2 and 3). 

Discussion 

In both experiments, fish fed diet 2 (45% protein) showed better gain in 
weight compared to diet 1 (53%) or diet 3 (35%) although statistical analysis 
did not show consistent differences across the two experiments. This may indi
cate that omnivorous silver perch do not require the higher levels of protein 
tested in this experiment. Allan and Rowland (1991) found that silver perch 
gained similar weight with 35.7% and 49% protein fed diets (P>0.05) but 
gained less weight with 20.7% protein (P<0.05). In our experiment, FCR was 
better with a 45% protein diet. However, Allan and Rowland (1991) reported 
better FCR with a 35.7% protein diet. The optimum protein requirements of 
silver perch juveniles is reported to be closer to 32-35% (Allan and Rowland 
1991). From studies made on other freshwater species, it appears that the pro
tein requirement of omnivorous silver perch could be closer to those of chan
nel catfish (Allan and Rowland 1992) or common carp (Cadwallader 1979) and 
therefore lower than that used in diets 1 and 2. 

The growth rate achieved in our experiments was low compared to com
mercial situations. This could be due to the effect of lower rearing tempera
tures (18-20°C) or culture methods. Slow growth of silver perch juveniles was 
reported by Allan and Rowland (1991) at 18.3-22.8°C. It appears that growth of 
silver perch in aquaria is much slower, which may indicate that artificial tanks 
may not be an ideal culture system for achieving maximum growth of silver 
perch. Rowland (1995) obtained a significantly slower growth rate of silver 
perch in tanks compared to earthen ponds. Similarly, crayfish have shown poor 
growth in concrete and plastic-lined ponds whereas earthen ponds were very 
effective in crayfish rearing (Tredwell et al. 1992). Moreover, the objectives of 
these preliminary trials was to measure the production of solid wastes in a 
laboratory culture situation, and was not meant to achieve meiximum growth 
of R bidyanus. 

In experiment 2, diet 2 produced less suspended and dissolved solid 
waste (Fig. 2) in comparison to diet 1. This may be related to the slightly better 
gain in weight and FCR achieved in diet 2 with experiment 2. Lall (1991) re
ported that ingredients containing a high concentration of fiber, chitin and 
undigestible carbohydrate may increase the excretion of suspended solids. To
tal solid production from cages was estimated to be 290-655 kg dry 
weight-tonne-' of rainbow trout (Phillips et al. 1990). The typical annual figure 
for solid discharge as effluents from Danish trout farms is reported to be 550 
kg-tonne' (Warren-Hansen 1982). Though caution must be exercised when ex
trapolating our laboratory results to field aquaculture situations, the estimated 
solid waste production (dry-weight basis) in diets 1 and 2 were 600 and 551 
kg'tonne' fish produced, respectively (P>0.05). The estimated solid waste pro
duction was based on rearing of silver perch at 18-20''C and feeding at the rate 
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of 3% body weight. It is reported that even in balanced feed, 15-20% of eaten 
food is undigestible (Asgard et al. 1986). The present experiment was carried 
out at lower temperatures (18-20^-), and at tiris temperature fish must be less 
active resulting in poor food intake, and consequently produced more solid 
waste. Rearing silver perch at a higher growth temperature could be a means 
of reducing solid waste discharge into the environment. 

Minimization of solid discharge from fish farms is important because sol
ids increase the turbidity in receiving waters. Waters high in suspended solids 
are unsatisfactory for bathing, and waters with high dissolved solids are of in
ferior palatability and may induce an unfavorable physiological reaction in the 
transient consumer (APHA 1989). It is therefore essential that further research 
be conducted on solids production at the higher temperature optimum for 
growth of silver perch which is probably in the range of 23-28°C (Rowland et 
al. 1995). Investigations are also necessary on the chemistry of solid wastes 
produced, since research in other countries (Albaster 1982; Persson 1988; 
Beveridge et al. 1991; Foy and Rosell 1991a, 1991b) demonstrates a direct rela
tionship between phosphorus and nitrogen levels in solid wastes from" aquac
ulture and algal blooms or eutrophication in lakes or rivers. Our further experi
ments will be a more detailed study on solid waste, separating uneaten food 
from feces, and on aspects of phosphoms and niti'ogen pollution from rearing 
of silver perch. 
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Abstract 

The fish food and faeces were firactioned into the different components of phosphorus and nitrogen. There was a 
rapid release of phosphorus from the fish food and faeces and a decrease thereafter whereas ammonium release was 
slow at first with the rate increasing with time. Both temperature and pH affected the release of nutrients from fish 
food and faeces. The release ofphosphorus and nitrogen was higher at higher temperatures. The maximum release 
ofphosphorus was at pH 4.0 whereas nitrogen release was maximum at neutral (7.0) to alkaline (10.0) media. 

Introduction 

Fish food and faeces are known to be the main wastes in 
intensive aquaculture. The production of feed wastes 
as dust and uneaten food have been estimated to be 
20% (Beveridge, 1987) whereas other studies report
ed a figure of 10-30% of waste uneaten food alone 
from intensive aquaculture (Hoelzi & Vens-Cappell, 
1980; Penczak et al. (1982). The faecal input on a 
dry weight basis is reported to be 260 g per kg of 
food (Butz & Vens-Cappell, 1982). This uneaten food 
along with faeces (solid wastes) may increase the sedi
mentation and enrich the nutrient pool ofthe receiving 
waters (Beveridge, 1987). Under appropriate condi
tions phosphorus and nitrogen could be released from 
the sediments and may stimulate algal growth (Petters
son, 1988). 

Both nitrogen and phosphorus are the essential 
ingredients incorporated in formulated feed to achieve 
a good growth of fish. These two nutrients are also 
required for algal growth in water bodies (State of 
Victoria, 1995). In freshwater, phosphorus is the lim
iting nutrient and orthophosphate is the form that is 
readily available to plants (Chamberlain & Shapiro, 
1969; Welch & Lindell, 1980; Bostrom et al., 1988; 
Boyd, 1990). Both nitrogen and phosphorus normal

ly are limiting nutrients in seawater (Boyd, 1990). 
Fish farm effluents containing phosphorus and nitro
gen have been reported to have caused eutrophicadon 
of receiving waters (Laird & Needham, 1988; Foy & 
Rosell, 1991b). However, few authors have reported 
on the fractional composition of nutrients and factors 
related in the release of nutrients from fish food and 
faeces. Such information is essendal in planning strate
gies for nutrient management and pollution control. 
The silver perch, Bidyanus bidyanus is an Australian 
native fish of highest aquaculture potential (Allan & 
Rowland, 1996) and the industry is booming in the 
country due to interest and investments of culturing the 
species (Kibria et al., 1996). Although there is some 
concern on the environmental impacts of aquaculture, 
undl now there is no research either on the quantity or 
quality of nutrients that may discharge from aquacul
ture of silver perch. The present study investigates the 
fractional composidon of nutrients and the release of 
nutrients from fish food and faeces in the rearing ofthe 
Australian native fish silver perch B. bidyanus. 

Materials and methods 

Silver perch Bidyanus bidyanus fingeriings (0.50-
0.68 g) were fed on two cominercial diets referred to 
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as diet-1 and diet-2 for four weeks at 25 °C. These two 
diets were selected since they resulted better nutrient 
retention in silver perch in our previous experiments. 
Fish were reared in small aquarium (70 x 60 x 30 cm) 
with four fish per aquarium. The total number of fish 
per treatment was twenty four i.e. the number of repli
cate tanks per diet was six. Fish were fed at the rate of 
3% body weight, twice a day and six days a week. Fae
ces was siphoned off a number of times a day by using 
a 5 mm hose. Collected faeces was dried overnight in 
an oven at 105 °C. Pooled faeces of each 'diet group' 
were used for nutrient fractionation and to conduct 
experiments on nutrient release. Experiments were also 
conducted on the effect of temperatures and pH on 
the release of nutrients from fish food since uneaten 
food is the major source of aquaculture wastes. Diet-
1 contained 53% protein (8.48% nitrogen) and 1.31% 
phosphorus while diet-2 contained 45% protein (7.2% 
nitrogen) and 1.16% phosphorus. Protein (N x6.25) 
and total phosphorus in feed, fish and faeces were deter
mined following AOAC (1990). Total nitrogen, ammo
nium (NHj), nitrite (NOJ), nitrate (NOJ), total P and 
orthophosphate (PO^) of water samples were analysed 
with a Tecator flow injection analyzer (Aquatec 5400 
analyzer) following the Aquatec instruction manual 
(Tecator, 1990). pH was measured using a pH meter 
(Orion model SA 520). All food and faeces were dried 
at 105 °C ovemightfor moisture analysis. 

Fractionation of nutrients 

Phosphorus fractionation 

The inorganic phosphorus in fish food and faeces were 
fractioned following the extraction methods of Pet
tersson (1988) in order to separate the orthophosphate 
fractions that are directly available to plants (labile 
fractions) and the fractions bound in the sediments 
(iron, aluminium and calcium bounded phosphorus) 
(Table 1). 

Nitrogen fractionation 

Dried faeces collected from the two diet groups was 
fractioned into nitrogen composition (total nitrogen, 
nitrite, nitrate and ammonium) following the methods 
described in Kristiansen and Hessen (1992). 

Release of nutrients from faeces and foods 

Release of nutrients from faeces 

The release of phosphate and ammonium from faeces 
were determined by incubating 75 mg faeces in 50 ml 
distilled water in Erienmeyer flasks at 25 °C for a week 
following Pettersson (1988). 

Effect of temperatures andpH on the release of 
nutrients from fish food 

300 mg offish food (diet-2) was incubated with 200 ml 
distilled water for seven days in glass bottles. The food 
was incubated [at each of two temperatures (20 °C and 
25 °C)] at three pH levels (4.0, 7.0 and 10.0) in order 
to observe the effect of pH and temperature on the 
release of nutrients. The fractions measured were dis
solved phosphorus (orthophosphate) and ammonium, 
the most important nutrient fraction which impact on 
water quality and aquatic living organisms (Bostrom 
et al., 1988; Welch & Lindell, 1988). 

Statistical analysis 

Fish food and faeces for nutrient fraction and nutrient 
release experiments had a replicate of three or more. 
Mean standard deviation and standard error ofthe mean 
(s.e.) were calculated from all the measured variables 
of phosphorus and nitrogen fractions following Zar 
(1984). One way analysis of variance (ANOVA) was 
used to compare the release nutrients from faeces from 
two diet groups. ANOVA's were calculated using a 
IBM compatible MS Excel programme, setting the 
significance level at 0.05. Best curves was fitted to 
find the trend or correlations of variables/data series 
on the release of orthophosphate and ammonium from 
fish food at different pH. The coefficient of determi
nation (r^) were determined to find die relationship 
between die x and y data points in the fitted data series. 
All curves and correlation calculation was done using 
Cricket graph-Ill (version 1.0, Computers Associates 
International, USA). 
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Table J. Extraction of orthophosphate from fish food and faeces 

Extraction no Extraction methods Extractable phosphorus 

' Extraction-1 Distilled water four times for 90 minutes 
• Extraction-2 NH4CL two times, 120 minutes each 

Extraction-3 NaOH (0.1 mol/1) for 16 hours 
Extraction-4 HCI (0,5 molA) for 24 hours 

Water soluble phosphorus 
Water soluble phosphorus 
Fe and Al bound phosphorus 
Ca bound phosphorus 

phosphorus extracted are directly available to plants. 

Table 2. Fractional composition ofphosphorus (orthophosphate) in fish food 
and faeces (mg P g~' dry weight) (n = 4; mean ± s.e.). Faeces-1 and faeces-
2 are from the diet-1 and diet-2 respectively fed to silver perch. Details on 
extraction procedures are given in Table 1 

Diet-1 Diet-2 Faeces-1 Faeces-2 

H2O-P 2.57 ± 0.09 
NH4'a-P • 1.68 ±0.19 
NaOH-P 2.33 ±0.31 
HCI-P 2.25 ±0.14 

1.87 ±0.05 
1.44 ±0.05 
1.68 ±0.14 
1.50 ±0.33 

1.03 ±0.04 
1.46 ±0.21 
I.10±0.17 
I.00±0.18 

0.94 ±0.04 
0.94 ±0.12 
0.68 ± 0.25 
0.71 ±0.01 

Results and discussion 

Fractional composition ofphosphorus in feed and 
faeces 

Water soluble phosphorus varied between 1.87-
2.57 mg P g~' dw in diets. The diet widi the high
est total phosphorus content also had the highest con
centration of water-soluble phosphorus (P > 0.05, 
n = 4). This fraction ranged from 28.8 to 29% of die 
total phosphorus content Pettersson (1988) also found 
the highest concentration of water soluble phospho
rus in diets containing the highest total phosphorus. 
Both fish food and faeces contained major phosphorus 
fraction in a labile form represented by the fraction 
extracted by water and ammonium chloride (Table 2). 
The maximum labile fraction in rainbow trout food is 
reported to be 26-38% and in faeces 15-54% (Petters
son, 1988). Our experimental results show that uneaten 
food and faeces may contain a majority of phosphorus 
in a labile form and the labile forms are believed to 
be readily available to plants for their growth (Butz & 
Vens-Cappell, 1982). 

Nutrient content in faeces 

Faecal analysis revealed a higher total phosphorus and 
lower nitrogen content in faeces of silver perch than 
those in diets. Faeces of diet group 1 and diet group 2 
contained 3.08 ± 0.20% and 1.99 ±0.18% phosphorus 

and 3.29±0.29% and 3.21±0.51% nitrogen by weight 
However, they were no significantiy differences in fae
cal phosphorus and nitrogen content between the two 
diet groups (P > 0.05). This may confirm that the 
main path of phosphorus loss in fish is through faeces. 
A high phosphorus lost through faeces was also found 
by Pettersson (1988) in rainbow trout, and Johnsen et 
al. (1993) in Atiantic salmon. Hakanson et al. (1990) 
calculates that of the total phosphorus and nitrogen 
fed to fish, 70% phosphorus and 15% nitrogen was 
lost through faeces. Kristiansen and Hessen (1992) 
reported a value of 4.0% phosphorus and 2.3% loss 
of nitrogen through faeces in Atiantic salmon (Salmo 
salar) and a loss of 3.5% phosphorus and 4.1% nitro
gen in noble crayfish (Astacus astacus) faeces, while 
the faecal analysis of rainbow trout (Salmo gairdneri) 
showed 1.59 ± 0.49% phosphorus and 3.93 ± 1.04% 
nitrogen (Penczak et al., 1982). The phosphorus and 
nitrogen ratio in silver perch diets were 1:6.5 and 
1:6.2 in diet 1 and diet 2 while die P: N ratios in the 
faeces was 1:1.1 and 1:1.61 for diet group 1 and diet 
group 2 respectively (weight basis). This agrees with 
the results of Pettersson (1988) who found that the 
phosphorus: nitrogen ratio in the foods was 1:5 while 
in the faeces it was 1:1-2. Furthermore, above faecal 
P: N ratio show that nitrogen lost dirough faeces in 
silver perch is minimal. Fivelsad et al. (1990) stated 
tiiat faecal nitrogen loss could be 10-20% of food fed 
to fish. 
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Figure I. The average release of orthophosphate (OP) and ammonium (NH4) from faeces of silver perch. The faeces were incubated at 25 °C 
for seven days (n = 4). There was no significant differences in the release of either orthophosphate (F= 2.91; F critical = 4.6) or ammonium 
(F=0.005; F critical =4.6) between the two diet groups (p > 0.05). 

Table 3. Nitrogen content of dry faeces of silver perch reared for four weeks at 
25 °C and fed two diets (mg N g~' DW) (n = 3; mean ± s.e.) 

Diet-group Total-N NO3-N NO2-N NH4-N 

25.90 ±0.10 

25.76 ±0.13 
1.92 ±0.21 
1.56 ±0.28 

0.71 ±0.10 
0.72 ± 0.07 

1.71 ±0.04 

1.78 ±0.03 

Fractional composition of nitrogen in faeces 

The contributions of faeces for the various nitrogen 
components are summarised in Table 3. It showed 
that ammonium (5.65-6.0%), nitrite (2.35-2.38%) and 
nitrate (5.23-6.31%) are relatively low in die fae
ces compared to total N (86.44-85.62%) (dry weight 
basis). The ammonium contribution was also mini
mal in crayfish and salmon faeces being 4.0-4.4% 
of total nitrogen (Kristiansen and Hessen, 1992). Foy 
and Rosell (1991a) fractioned nitrogen loadings from 
a Northern Ireland fish farm where they estimated diat 
nitrite and nitrate contiibuted to about 2.4% of die total 
nitrogen loadings to the environment. 

Release of nutrients from faeces 

There was a rapid and momentary release ofphospho
rus from faeces for the first few days and at the later 
part the bacterial growth may have slowed down the 

release of phosphate (Figure 1). Our results is in agree
ment of Pettersson (1988) who also observed a rapid 
release of phosphate from fish food during the first 
few days and thereafter a growth of bacteria decreased 
the phosphate concentration. Ammonium release from 
faeces was slow and increased slowly with time (Fig
ure 1). These experiments demonstrate that leaching of 
nutrients from faeces or food could be instantaneous 
and therefore nutrient enrichment of the environment 
occurs almost immediately. Both Makinen et al. (1988) 
and Phillips et al. (1993) stated diat an efficient and 
quick removal of solid wastes is essential if phospho
rus loadings to the environment are to be controlled. 

Effect of temperatures andpH on the release of 
nutrients 

Release of nutrient from the fish feed was found to 
be related to temperatures, and die rate of release 
was higher at a higher temperature (P < 0.05). The 
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Figure 4. The average release of orthophosphate from fish food at 
pH 10.0 and incubated at two temperatures for seven days (n = 4). 

Figure 3. The release of orthophosphate from fish food at pH 7.0 
and incubated at two temperatures for seven days (n = 4). 

Figure 5. The average release of ammonium from fish food at pH 
4.0 and incubated at two temperatures (n = 4). 

release of phosphorus and ammonium were accelerat
ed at 25 °C in comparison to 20 °C (Figure 2,3,4, 5, 6, 
7). The release of orthophosphate was higher in acidic 
medium (pH 4.0) (Figure 2, 3, 4) whereas ammonium 
release was accelerated in neutral to alkaline media 
(pH 7.0 and 10.0) (Figure 5,6,7)). Persson (1988) stat
ed that release of nutrients from fish food and faeces 
depends upon pH, temperature, oxygen, turbulence and 

microbial activity of die environment. The patterns of 
phosphorus and nitrogen released observed were sim
ilar to diose recorded by Pettersson (1988). Pettersson 
(19 8 8) also reported a much higher phosphorus release 
in acidic medium (pH 5.0) and found diat die leakage 
of ammonium from fish food was temperature depen
dent. The release of ammonium and orthophosphate 
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Figure 6. The average release of ammonium from fish food at pH 
7.0 and incubated at two temperatures (n = 4). 
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figure 7. The average release of ammonium from fish food at pH 
10,00 and incubated at two temperatures (n = 4). 

"Om salmon excreta were also higher at higher tem
peratures (Kristiansen & Hessen, 1992). 

Conclui sion 

The results show diat the main path ofphosphorus loss 
'oihe environment in die culture of silver perch is via 

faeces. The maximum release ofphosphorus from sol
id wastes depends upon temperatures and pH of the 
environment, being higher at 25 °C than at 20 °C. The 
release of phosphorus increases with decrease in pH 
whereas ammonium release increases with increase in 
pH. Both fish food and faeces may contain a major 
phosphorus content in a labile form, therefore further 
experiments are needed to investigate the minimisation 
of total and labile phosphorus content in commercial 
diets in order to reduce the phosphorus load to envi
ronment without affecting the growth of the cultured 
species. Nitrogen loss through faeces are minimal how
ever, uneaten food is probably the major input of nitro
gen (as solid waste) to environment (Penczak et al., 
1982; Beveridge, 1987), and measures are needed to 
minimise the feed wastes in aquaculture. 
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Australian native 
freshwater fish 
and crustaceans: 

Environmental role and 
aquaculture potential 

Golam Kibria 
Paul Lam 
Robert Faircioush 
Dayanthi Nugesoda 

Australia loses 80% of its pre-' 
cipitation through evaporation, 
and this makes it the driest con

tinent after Antarctica. It has 180-190 
species of freshwater fishes,*"' of which 
127 are endemic to Australia.*"' The di
versity of fishes appears to be low when 
compared with other southern conti
nents. For example, in Africa there are 
more than 1900 species.'^" It is gener
ally believed diat the limited number of 
freshwater fish species in Australia re
flects the long geographical isolation of 
the condnenL 
Because of die rainfall distribution pat

tern in Australia, freshwater aquaculture 
is restricted to die coastal belts, particu
larly in New Soudi Wales, Queensland, 
Victoria and Western Australia. 
The demand for freshwater and marine 

aquaculture products has been increas
ing by 3% annually since 1980.™ This 
increasing demand of aquatic foods has 
led to an increase in activities aiming to 
development of new farming areas with 
new species, and utilization of large off
shore fisheries. The need to balance the 
potential environmental impact of 
aquaculture activities and aquatic food 
production has resulted in a renewed 
'ntcrest in freshwater aquaculture. The 
native freshwater fish and crustaceans, 
P̂art from their inherent conservation 
"̂lues, represent a huge potential for 

"quatic food production. This article re
views the importance of Australian na

tive freshwater fish and crustaceans in 
the context of conservation and 
aquaculture with particular emphasis on 
the silver perch. 

Native fauna and flora have value as 
biological indicators of inland water 
quality because many of them are sensi
tive to short- and long-term changes in 
the aquatic environment. In general, a 
robust and diverse native fish popula
tion indicates a healthy aquatic environ-
ment.Conversely, an environment that 
has no native fish or only a few exotic 
species may be seriously degraded. Na
tive fauna, faced with a deteriorating 
aquatic environment, must either emi
grate or die, leaving the environment to 
hardy exotic species, (e.g. introduced 
carps) that can survive in water quality 
that would kill most native species. 

Rapid decline in the populations of 
native fish species has been reported in 
the MurrayDariing river system.'"̂ -"*-̂ " 
The main threats are dams and barriers, 
runoff from agriculture and sewage or 
indusunal effluents, overfishing, loss of 
genetic variability and inbreeding and 
introduction of exotic species,'"- '̂̂ '"-^" 
as well as overexploitation of the re
sources. These physical, chemical and 
biological factors have had enormous 
impacts on the local fish fauna and a 
large number of native fish considered 
to be endangered, vulnerable or threat
ened (Table 1). 

Aquaculture 
potential 

Aquaculture is a recent addition to the 
primary industry (agriculture, live
stock) in Australia and is expanding rap
idly no) Aquaculture production has in
creased steadily, especially the culture 
of native fish, and a further rise in the 
production of native fish and crayfish is 
expected because of the increased local 
and foreign demand. Private hatcheries 
in New South Wales (NSW), Victoria 
(VIC), Queensland (QLD), and South 
Australia (SA) produce silver perch, 
golden perch, Murray cod and crayfish 
for sale to the public for stocking private 
dams, and to state and territorial organi
zations for stocking public waterways. 
Native fish farming is becoming more 
attractive. For example, there were only 
55 farms in Australia in 1988/89, but by 
1994 the number of farms had increased 
by two t(> three times (Table 3). This rise 
is attribtlted to the increased interests 
and investment in growing silver perch. 

Recent reviews of the status of 
aquaculture in Australia'^""^'"''''"" 
have indicated that four native fish and 
three crustaceans (crayfish) have good 
potential for aquaculture in inland wa
ters. The biology of these species is well 
understood and the culture techniques 
are well established. In addition, there is 
local as well as overseas demand for 
these species, and their profitability in-
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dex is attractive. The four fish in this 
category are found in MurrayDariing 
river systems: the silver perch (Bidy
anus bidyanus), golden perch (Mac
quaria ambigua), Murray cod (Maccul
lochella peeli) and freshwater catfish 
[Tandanus tandanus). The three crusta
ceans are crayfish: the yabby (Cherax 
destructor), redclaw (Cherax quadri-
carinarw) and marron {Cherax tenui
manus). There are over 100 species of 
Australian freshwater crayfish'^"' but 
these three have the most promise be
cause their biology and culture technol
ogy are well known. 
Among the native fish, the silver perch 

[Bidyanus bidyanus) has the greatest 
potential for aquaculture in Austra-
lia;(3.24.73.79) followed by the golden 
perch, Murray cod and catfish.'*" 
Based on production, marketability 
n̂d profitability, silver perch and red

claw appear to have the best prospects 
'or aquaculture development. Cener-
''"y. the aquaculture potential of a spe
cies depends mainly on its market de-
"land. However, the characteris|tcs re

quired for profitable aquaculture should 
be compared widi growth and produc
tion peiformance of die fish species in 
order to evaluate its aquaculture poten
tial. Noteworthy characteristics are con
trolled breeding, readily acceptance of 
artificial food, tolerance to fluctuation 
of water quality and odiers. An example 
of a scheme for evaluating die aquacul
ture potential of Australian native spe
cies is given in Table 2 . Potential to be 
bred artificially and stocked success
fully at any time of die year at a reason
able cost are prime determining factors 
in species screening. The availability of 
growout technology in the local envi
ronment and the demands of domestic 
and export markets are additional im
portant criteria in species ranking."""' 

Biology 
and culture 

Silver perch 

The silver perch (Bidyanus bidyanus) 
is endemic to most of the MurrayDar-
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ling river system except die higher alti
tudes.'''^' The natural distribution of sil
ver perch along with odier native spe
cies is given in Figure 1. The species 
was commonly consumed by 
Aboriginies and the scientific name was 
also derived from the Aboriginal name 
bidyan.'""" Silver perch is a potamodro
mous species, migrating wholly in 
freshwater.'̂ "" The species can tolerate a 
wide range oftemperature, from 20°C to 
32"C"" but the optimum temperature 
for growth is probably in the range of 
23-28"C.'^'" The important water qual
ity parameters for silver perch culture 
have been summarized.'"''' The larvae 
are benthic.'''^' and juveniles form large 
schools,'"* '̂'"' often congregating below 
rapids'"" and fast flowing water with 
sand or gravel bottom."'"' It can also 
live in extremely turbid waters,"^' it is 
salt tolerant.'^" and both territorial and 
aggressive.""*^' The average silver 
perch can reach 180 mm in two years 
time,""' and specimens of 350-410 mm 
(0.75kg-2.5 kg).'"' are commonly 

caughL'^" 
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Table 1. Current status of native fish species in Victoria. 

Status Species 

Extinct 
No longer found in the wild 

1. Assiz's chanda perch (Ambassis agassizi) 
2. Southern purple-spotted gudgeon (Mogurunda adspersa) 

Endangered 

Immediate danger of extinction 

1. Trout cod (Maccullochella macquariens'is) 

2. Brown galaxias (Galaxias fuscus) 

3. Freshwater herring (Potamalosa richmondia) 

4. Ewen's pigmy perch (Nannoperca variagata) 

Vulnerable 
Species can move into endangered category 
soon 

1. Freshwater catfish (Tandanus tandanus)" 

2. f\^acquaria perch (Macquaria australiasica) 

3. Tasmanian mudfish (Galaxias cleaveri) 

4. Stiver perch (Bidyanus bidyanus)'" 

5. Murray cod (Maccullochella peeli)" 

6. Australian grayling (Protoctes maraena) 

Potentially Threatened 
Species currently not endangered. 
Vulnerable, but could be at risk 

1. Australian bass (Macquaria novemaculeata) 

2. Broad-finned galaxias (Galaxias brevipinnis) 

3. Dwarf galaxias (Galaxiella pusilla) 

4. spotted galaxias (Galaxias truttaceus) 

5. Pouched lamprey (Ceotria australis) 

6. Golden perch (Macquaria ambigua)" 

7. Yarra pigmy perch (Edelia obscura) 

Indeterminate 
Species endangered/vulnerable 
or potentially threatened 

"Potential aquaculture species 
Sources: Cadwallader,'̂ )̂ OCE 

1. Cox's gudgeon (Cobiomorphus coxil) 

2. Striped gudgeon (Cobiomorphus australis) 

3. Freshwater hardyhead (Craterocephalus stercusmuscarum) 

4. Lake Eyre hardyhead (Craterocephalus eyresii) 

5. River blackfish (Gadopsis marmoratus) 

6. Flat headed galaxias (Galaxias rosiratus) 

7. Mountain galaxias (Galaxias olidus) 

OCE(1988), Koehn & Morison(1990) 

Flooding is essential for natural 
spawning of silver perch."^' The eggs 
are 2-8 mm in diameter and pelagic.'*^' 
Spawning occurs in summer (Novem
ber January) when sexually mature fish 
"migrate upstream to spawn in warm, 
shallow waters."^- '̂'''*' Males become 
"lature in their second year (233 mm) 
and the females mature in their third 
years (340 mm).""''" Fish often die after 
spawning.""' The pre-spawning activi-
tits of silver perch have been discussed 
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in Merrick and Schmida."" The fecun
dity is high and the number of eggs per 
female varies from 300 000'^'" to 500 
000.'" '̂ Hatching occurs after about 30 
hours at temperatures of 22-31 "C.""' 

The young fish (larvae) start feeding 
on the sixth day, mainly on zooplankton 
(copepods and cladocerans).""-'"'Adult 
fish are omnivorous and at times may 
feed extensively on zooplankton, par
ticularly the larger ostracods and clado
cerans. The additional food includes 
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shrimps (Macrobrachium spp., atyids), 
yabbies, chironomid larvae, aquatic in
sects, earthworms; molluscs, filamen
tous algae, and aquatic plants."*''^'^'' 
Some consider the silver perch to be the 
only species in Australia with tremen
dous potential for aquaculture,'"' and it 
is one ofthe four fish in the MurrayDar
iing River system""' that are much 
sought afler by commercial and recrea
tional fishermen. Several characteristics 
make silver perch an ideal species for 



table! Rating of native fish and crayfish based on aquaculture characteristics.* 
Score (1-10) for each characteristic. ^ 

Characters 

fit)8 cultured legally 

joiogy, feeding, breeding behavior & distribu-
ion known 

iercBlved market value . 

[possibility of captive breeding 

(fittistand high population densities in artificial 
totions „ . , 

wide range of readily available cheap 
soufces of nutrients 

toe very well / r 

•m to marketable size in les i than a year 

iitlraciive appearance 

Good processing and storage characteristics 

jRourish in moderate or slow water f l iw rates 

Rourisfi in moderate levels of dissolved oxygen 

pstand moderate levels of dissolved ammonia 

tetand variation in pH and salinity 

Ifeettent charateristics of nutrition & health; 
fiKence of omega 3 & omega 6 fatty acids- •-

Carcass free of bones when prepared for hu-
consumption 

Carcass without poisonous & unpalatable parts 

lains early matunty 

related to spedes under intensive cul-
»9 outside Australia 

less aggression and cannibalism 

man 

| a r ( 

Silver 
Perch 

8, 

9 

7 
8 

8 

9 

7 

9 

6 _ 

8 

8/ 
7 
7 
1 

8 

8 

1Q 
8^ 

8 

7 

Golden 
Perch 

MurrayCo 
d 

FW 
Catfish Yabby 

8 

7 

.9 
8 

7 

5 

8 

10 
8 

7 

9 

8 

5 

9 
8 

5 

7 

9 

8 

.„.x.. 
8 

. 8 • 

7 
7 
8 

8. 

8 

8 

8 

8 

8 

7 
7 
7 

' \ 8 • 

8 

9 

7 

10 

9 

• 5 ; 

9 

8 

9 

9 
9 
5 
8 
8 
9 
8 
7 

9 

9 

9 

9 

9 

9 

6 
9 

9 

6 
7 

6 
6 
8 

7 

*7 

4 

Redclaw 

9 

9 

8 
9 

7 

6 
7 

5 
6 

6 
7 

3 
'5 

:""'4 

4 

apledfrom O'Sullivan,'^'^ Merrick and Lambert, ' " ' and Smith'®"' 

uculture: rapid and uniform growth 
crowded conditions;"--^' ability to 
IK both plant proteins and meat meal 
Wively,'*' low production cost; high 
"idity; ready acceptance of low-pro-
«diet,""«.w good growth in 
ilicn ponds,""-"' tolerance to high 
iperatures,'""' omnivorous feeding 
*> "schooling characteristics of ju-
J and adults,'*'" and small head 
', înd high market demand to cul-
•'"Australia and nearby Asia,'̂ "' The 
'"reasons contributing to the decline 
"'er perch populations in its natural 
S'lre: a) competition for food from 
""luced cyprinids, especially 
'""Wcarpib, predation by the Eng-
Perch, Perca fluviatilis, and the 
««il barrier to upstream migration 
''•by the construction of dams, 
"lalso altered the flow and thermal 
'°"=s of the rivers.'"" About three 

million firy are produced annually to 
stock farm dams and natural waters used 
for recreational fishing.'*^' The current 
stocking densities in eardien ponds is 10 
000 fingeriing/ha managed with aera
tion and 5000 fingeriings/ha without 
aeration.'"' Silver perch farming is the 
major native fish culture industry in the 
country and has the potential of achiev
ing an annual production of 10 000 ton
nes/ha.'""' Silver perch aquaculture is 
concentrated in NSW where about 17 
tonnes was produced in 1994/1995. 
Most farms are small (1-3 ponds) al
though there are some medium sized 
farms (4-8 ponds) and a few large farms 
(6-17 hectares).''^" 

Golden perch 

Golden perch (Macquaria ambigua) is 
highly prized by anglers. It occurs natu-
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rally throughout most of the Murray-
Darling river system, except streams at 
elevations above 600m,'-'̂ ' and is long-
lived—up to 20 years."-" The species 
can withstand salinities upto 33 ppt."" 
It tends to remain under cover most of 
the time (rocks, logs, stumps), moving 
out quickly to take passing prey. They 
are particularly active at night."*"' 

Golden perch are carnivorous and con
sume insects, small fish and yabbies. 
The fry and fingerlings feed on 
zooplankton.'"' Eggs are pelagic and 
spawning is triggered by a rise in water 
level and temperature above 23"C.''"' 
Golden perch are reared by private and 
government hatcheries in Victoria, New 
South Wales and Queensland,"^' and the 
fry and fingerlings produced from these 
hatcheries are stocked in public waters 
and farm dams. 
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Table 3. Native aquaculture industry in Australia. 

Number of Farms Total Number ol 
Farms Farm Production Value ($000) 

Species Register 
ed Productive State 1988/89 1991/92 1988/89 1991/92 1988/89 1991/92 

Freshwater Native Fish 55 231 10 43.9 173 4 345 
Silver perch 

Total silver perch 

Golden perch 

42 

73 

<10 

39 

33 

0 

21 

5 

5 

/ 
i1 

VIC 

NSW 

SA 

QLD 

NSW 

SA 

QLD 

25.6 

6.1 

Total golden perch 

Murray Cod 8 

n/V catfish 5 

QLD 

QLD 

11.0 

Freshwater Crayfish ' 283 >400 : >47.0 171.8-; >764 2 235 

Yabby 67 

100, 
150 

300, 
480 

14 NSW 

VIC 

SA 

Total yabby 33.41 

Redclaw 

Total redclaw 

37 

90,113 

80,50 

NSW 

QLD' 

QLD 

39.90 

Marron 

Total marron 

19 

150 

10 

NSW 

SA 

QLD 

Monnallon obtained trom various sources 

Murray cod 

The Murray cod (Maccullochella 
?edi} is one of the largest freshwater 
fish in the world. The largest cod ever 
caught weighed 113.5 kg (1.8m) and 
was a 1.8 m in length. Specimens of 
20-40 kg are regularly captured by fish
ermen. They are found naturally in most 
of the MurrayDariing River system 
(Figure 1) and prefer habitats containing 
rocks, timber, stumps, clay banks or 
overhanging vegetation. Sexual matur
ity is reached at the age of four."''-'"'The 
spawning season extends from October 
'0 December'*" and spawning occurs at 
0̂"C provided there is a slight run off of 

*ater into the pond. The eggs are de
mersal and adhesive and are laid in hol-
1"* logs or other substrates.'"'"--"' The 
species spawns naturally in earthen 
ponds"*'̂ '. 
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The Murray cod is a carnivore and 
feeds on invertebrate and vertebrate or
ganisms including yabbies, shrimp, 
crayfish, native and introduced fish 
(carps, redfin), and occasionally am
phibians and reptiles.'^'' The larvae feed 
on zooplankton (copepods and clado
cerans), blood worms and aquatic in
sects'"'. The decline of Murray cod 
from the natural habitats appears to be 
due to construction of dams and weirs, 
overfishing, predation by introduced 
fish redfin (Preca fluviatilis), and silta-
tion. 

Freshwater catfish 

Tandanus tandanus is distributed 
throughout most ofthe Murray Dariing 
River system and in the streams of the 
east coast from Sydney to Rockhamp-
ton.'""' Adult catfish are carnivorous 
bottom feeders, and their main food is 
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invertebrates, including molluscs and 
crustaceans.'-"-""' Spawning season ex
tends from October to December.'"-" A 
temperature of 25"C or above is the pri
mary stimulus for spawning and, unlike 
other native fish, flooding is not re
quired for spawning.'"" Each female can 
produce from 2000 to 20 600 eggs."" 
Male and female catfish mature at the 
age of five."*' The species makes a 
gravel nist of about 0.7 m in diameter 
and lays demersal eggs whcih the male 
then guards.'"'-'^' Catfish in farm dams 
grow at a faster rate than in rivers due to 
the more abundant food supply.'"" 

Yabby 

Yabbies (Cherax destructor) are dis
tributed throughout central and southern 
inland Australia and are farmed com
mercially in Victoria, Western Austra
lia, South Australia, and New South 



Wales.'"' There are five distinct varie
ties of yabby,"'" and all inhabit turbid, 
slowtlowing shallow waters.'"' Juve
niles are often associated with macro-
phytes. During drought, the yabby sur
vives by burrowing into damp .soil and 
remaining there until the next rain.'"-^ '̂ 
Maximum growth can be achieved 
around 28"C.'"-^"' Crowded conditions 
and low temperatures can seriously af
fect the growth rate. Cannibalism is par
ticularly common during molting. Local 
markets prefer animals 30-45g (60 mm 
carapace length) whereas overseas mar
kets (Hong Kong, Japan, Korea) prefer 
larger individuals (more ttian 40g).'-"' 
Yabby are currently producedin shallow 
ponds, and dams in South Australia are 
comonly used for yabby culture, from 
where production figure of 50 kg/dam has 
been reported.'*' A backyard yabby hatch
ery can be set up with simple equipment 
such as heater, aerators, some flurotubes 
with programmable timer, a good water 
supply, and some shelter.'" '̂ 

Redclaw 

Redclaw (Cherax quadricarinatus) is 
the largest freshwater crayfish in the 
world.'"' They are restricted to rivers'of 
northern Australia'"' in habitats with 
abundant vegetation, and can be found 
in shallow, clear, fast-flowing creeks 
and slow-moving, deep and turbid wa
ters. Hutchinson'̂ *' reported twelve dif
ferent strains of redclaw from a variety 
of habitats in Queensland. 
Redclaw spawn throughout the year 

with low seasons in May and June. Higher 
water temperatures (>20"C) and long 
dayiength tend to trigger spawning. 
Zooplankton and detritus are the main 
food of larval redclaw'̂ ^ while adults are 
detritivores.'̂ '̂ Bodt survival and growdt 
are influenced by temperature, and die 
best growdi can be achieved at 28"C'"' 
when the dissolved oxygen level is above 
5 mg/L.'̂ '̂ The species can tolerate salin
ity up to 12 ppt.'"' For backyard redclaw 
culture,aseriesofsmall swimming pools, 
a source of clean water, aeration and a 
supply of crayfish are all that is re
quired.'̂ " 
The species is attractive in color and 

form, tolerant of environmental ex-
'rernes, and fast-growing on inexpen
sive materials. They are non-aggressive 
compared to other species and are easy 
'0 breed in captivity, and for these rea
sons are considered the best of the three 
'̂ istralian crayfish species (yabby. 

marron and redclaw) for culture.'"-"' 
The redclaw is being farmed mainly in 
the sub-tropical southeast Queen.s-
land'̂ "' and Northern Territory'"'" in 
earthen ponds ranging in sizes from 500 
m to 1 ha and 1-2 m deep.'"' Commer
cial aquaculture of this species com
menced commenced in 1985,'"' and an
nual production in 1992 was 50 tonnes 
from 80 farms.''" The animal is sold 
mainly live to restaurants, and most of 
the production is consumed locally 
(80%) and the rest is exported.'"' 

Marron 

Marron (Cherax.tenuimanus) inhabit 
fresh to brackish (salinity less than 6-8 
ppt) river systems of south-west of 
Western Australia. The ideal tempera
ture for survival and growth of marron 
in backyard pools or dams appears to be 
in the range of 13-24''C.'"' Marron 
grow slowly, and can not tolerate high 
temperature.'̂ *' This species has been 
introduced to die United States, Zim
babwe, Soudi Afiica, China and Japan 
for experimental culture."^ Marron 
have been cultured commercially in 
earthen ponds in Western Australia for 
20.years.'"' Odier mediods being inves
tigated include intensive rearing of ju
veniles in individual compartments 
housed widiin a larger tank ("battery 
culture").'"' 

Culturing species endemic to Aus
tralia can reduce potential compe-
tidon and pressure from overseas 

producers'-*'. In addition, culturing native 
animals can help reverse the decline in 
populations of native species, significantiy 
increase fisheries production, and help to 
restore degraded fisheries. Sale of cultured 
fish can help meet die local demand for live 
fish and reduce reliance on imports of 
aquatic foods. Apart firom their inherent 
conservation and commercial values, na
tive fish species also serve as an indicator 
of environmental quality of inland waters. 
Stock enhancement of native fish species 
will satisfy die recreational fishermen. 
There is also a growing demand for native 
species such as silver perch and redclaw in 
local and overseas markets, which demon
strates the potential of die freshwater 
aquaculture industry. Silver perch have 
feeding habits similar to the common 
carp" '̂ and could be an ideal culture species 
for Asian ponds. China and Taiwan have 
already shown an interest for the species.'-"' 
Experimental culture of Australian crayfish 
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is being carried out in several countries 
including Zimbabwe, U.S.A., and Ja
pan. Research on the environmental im
pacts of native fish and crayfish 
aquaculture is essential as discharge of 
phosphorus and nitrogen may cause eu
trophication or water pollution in re
ceiving waters. Current aquaculture is 
based on monoculture, but polyculture 
of native fish and crayfish is an impor
tant area for future research. Brummett 
and Alon""' have cultured Australian red
claw with nile tilapia (Oreochromis 
niloticus), and die results are promising. It 
is important to realize diat Australian native 
freshwater fish and crustacean species have 
enormous significance in die context of 
conservation and aquadc food production. 
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Date: Fri, 11 Jul 1997 16:26:00 -0700 (PDT) 
From: Natalie Macawaris <N.MAC::AWARIS©CGNET.C0M> 
To: Golam Kibria <s9337499@cougar.vut.EDU.AU> 
Subject: MS for Naga 

Dear Mr Kibria, 

Greetings from ICLARM. This has reference to your article "Zooplankton: its 
biochemistry..." to appear in the Naga. The magazine has been layouted 
however the editors have noted a few more questions: 

1] In the Tables, the legend for P and Ca are lacking. Do these correspond 
V7ith Phosphorus (or Potassium) and Calci-um respectively? 

2] Please check accuracy of spelling in the following species: 

Daphnia obtisa (or obtusa?) 
Cyclops vicinis (or vicinus?) 
Date: Fri, 11 Jul 1997 16:26:00 -0700 (PDT)sktop printer...] 
From: Natalie Macawaris <N.MACAWARIS@CGNET.COM> 
To: Golam Kibria <s9337499©cougar.vut.EDU.AU> 
Subject: MS for Naga 

Date: Fri, 07 Nov 1997 11:42:00 -0800 (PST) 
From: Natalie Macawaris <N.MACAWARIS(SCGNET.COM> 
To: Golam Kibria <s9337499®cougar.vut.edu.au> 
Siibject: Urgent: query on Article for Aquabyte/Naga 

Dear Mr Kibria, 

My apologies for overlooking your query (email dated 17 September 1997) on 
the Naga issue number in which your article on zooplankton will be 
ptablished. The issue of Naga where your ms is featured is still in press 
(indeed we have experienced much difficulties in the release of this issue 
owing to the crash of the coitputer files and we had to reconstruct 
everything!) . However, we can now give you the bibliographic entry as 
follows: <authors> 1997. Zooplankton: its biochemistry and significance in 
aquaculture. Naga, The ICLARM Quarterly 20 (2): 8-15. 
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Abstract 

Sliver perch, Bidyanus bidyanus (Mitchell 1838). 
were rearedi in glass aquaria and fed on three 
diets containing 53%, 45% and 36% protein, 
and 1.31%, 1.16% and 1.28% phosphorus, 
respectively, in order to investigate the 
phosphorus losses and phosphorus retention at 
25 and 30°C. The main path ofphosphorus loss 
was found to be via faeces and was significantly 
higher at 30''C (P < 0.05). There was a sharp 
increase In orthophosphate excretion soon after 
meals, which decreased linearly during the 
remaining 24 h. The daily orthophosphate output 
was observed to increase at the higher 
temperature and was significantly higher at 30''C 
compared to 25''C ( P < 0 . 0 5 ) . Phosphorus 
retention by silver perch was significantly better 
at 25"'C than at 30°C (P < 0.05). 

Introduction 

Fish require phosphorus for optimum growth, feed 
elTiclency, bone development, maintenance of acld-

"tase regulation, and lipid and carbohydrate 
metabolism (Lovell 1978; Ogino & Takeda 1978: 
LaU 1991). Diets deficient in phosphorus can 
suppress the appetite and may lead to the death of 
fish (Lall 1979). Because of the low phosphorus 
concentration In both fresh water and sea water 
(Boyd 1971; Weatherly & Gill 1987), and the low 
rate of absorption from the water (Phillips. Podollak. 
Brockway & Balzer 1956), dietary phosphorus is the 
main source for fish. 

Dietary phosphorus supplied and unavailable to 
fish will be evacuated from the gut In the* faeces, 
while phosphorus surplus to requirements will be 
excreted via the kidney and gills (Forster & Goldstein 
1969: Nakashima & Leggett 1980). Phosphorus is 
primarily discharged as undigested matter though 
faeces (Kristiansen & Hessen 1992). The phosphorus 
released from uneaten food and faeces should 
be minimized because It stimulates algal growth 
or eutrophications In receiving waters (Walker & 
Hillmann 1982; Lall 1991). Studies conducted In 
Europe and North America demonstrate a strong 
relationship between water pollution and the 
discharge of phosphorus from fish farm elTlucnts 
since effluents can deteriorate the water quality of 
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the recipient water bodies (Albaster 1982; Penczak. 
Galicka, Molinski, Kusto & Zalewski 1982: Foy & 
Rosell 1991a. b; Lanari, D'Agaro & Ballestra22l 
1995). In order to minimize the environmental 
Impact, Information on absorption, metabolism and 
excretion of phosphorus Is essential (Lall 1991). 
There Is very limlled Information available on 
phosphorus losses and retention, and studies are 
needed on phosphoni retention at various stages 
of development (Lall I'Sgi). 

The silver perch. Bidyanus hiiyanus (Mitchell 
1838), Is an Australian native fish of the highest 
aquaculture potential (Allan & Rowland 1996), and 
the Industry Is growing rapidly (26.6 t in 1991-
1992 and 52.7 t in 1994-1995) (O'Sullivan 1995: 
O'Sullivan & Kiley 1996) in the country because of 
Interest and investments In culturing the species 
(Kibria. Nugegoda, Fairclough & Lam 1996). 
Although there is some concern on the 
environmental impacts of aquaculture, until now 
there has been no research into either the quantity 
or quality of phosphorus that may be discharged 
from aquaculture of silver perch. The objectives of 
the present study were to evaluate the effects of 
temperatures and feeding on phosphorus losses and 
phosphorus retention by silver perch. 

Materials and methods 

The experiment was conducted In the wet laboratory 
at the Victoria University, Melbourne. Victoria, 
Australia. Juveniles of sliver perch of similar size 
(average weight 928 mg) were bought from a local 
native fish farm where fish were grown In earthen 
ponds. The animals were acclimatized In the 
laboratory in large holding tanks for 4 weeks prior 
to the start of feeding trials. The fish were reared 
In small glass aquaria (30 X 16 X 17 cm) at two 
temperatures. 25 and SCC, since the optimal 
temperature for silver perch Is believed to be in the 
range of 23-27°C (Rowland, Allan Hollis & Pontifex 
1995). Fish were fed on three commercial sliver 
perch diets (silver crumbles/starter) at the rate of 
3% of body weight (as recommended), twice a day 
(0900 and 1600 h). 6 days a week for 4 weeks, to 
study phosphorus losses and phosphorus retention 
In sliver perch. The three diets, referred to as diet 
1. diet 2 and diet 3, contained 53%, 45% and 36% 
protein and 1.31%, 1,16% and 1,28% phosphorus, 
respectively ("Kible 1). Four fish were stocked In each 
glass aquarium and each diet was replicated in 

fe 
Tibic 1 Proximate composition, gross energy, phosphorus 
content and digestible energy ratio of experimental diets 

Diet 1 Diet 2 Olet 3 

Dry matter (DM: %) 91.80 90.12 88.99 
Crude protein (% DM) 53.00 45.OO 36.00 
Ether extract {% DM) 6.92 8.50 4,96 
Ash(%DM) 13.06 9.84 13.00 
N-Iree extract {% DM)' 27.02 36.66 46.04 
N(%OM) 08.48 07 20 05.40 
P(%DM) 1.31 1.16 1.28 
Gross energy (MJ kg"' DM)^ 19.39 20.28 18.40 
Digestible energy (MJ kg-'DM)3 17.24 17.34 15.39 
DP;DE (g MJ-'DM) 30.74 25.95 23.39 

'The Nitrogen free extract = 100 - crude protein - ether 
extract - ash. 
^Gross energy contents of the diets were estimated by 
using values of 0.0236 MJ g protein-^ 0.0395 MJ g 
lipid"' and 0.0172 MJ g carbohydrate"' (NFE). 
'The digestible energy contents of the diets were estimated 
by using values of 0.02213 MJ g protein"' (assuming 90% 
protein Is digestible), 0.0356 MJ g lipid"' (assuming 90% 
lipid Is digestible) and 0.0129 MJ g carbohydrate"' 
(assuming 75% Is digestible). 

six aquaria. I.e. 24 fish per diet per temperattire. 
Individually, aquaria were fitted with air stones to 
enhance dissolved oxygen content The water quality 
was maintained at pH 7.5-8.0. dissolved oxygen 
level > 6 mg L"' and hardness 80-100 mg L"'. The 
pH was measured with a bench-top pH meter (Orion 
model SA52Q Orion), dissolved oxygen by using a 
dissolved oxygen meter (YSI model 58, YSI) and 
hardness with a test kit (Aquasonic, NSW,^ustralla). 
The required water temperature was obtained by 
heating water with a thermostatically controlled 
heater In a large tank (70 X 60 X 30 cm) In which 
small aquaria were placed. The large tank was 
covered with a glass lid to reduce evaporation and 
to maintain the required specific temperature. Each 
aquarium was siphoned a number of times every 
24 h to collect faeces. Collected faeces were first 
centrifuged at 2000 r.p.m. for 10 mln (Econospin-
Sorvall Instruments), the supernatant was discarded 
and the precipitate was dried In an oven (Law 1984; 
Hajen. Beames, Higgs, & Dosanjh 1993). Water 
samples were collected each moming using a plastic 
syringe to record the dally variations in ortho
phosphate concentrations with respect to 
temperature and diet fed to fish. Data were also 
collected on the houriy pattern of phosphate 
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excretion for the three consecutive days of fish fed 
three diets at 25"'C. Food conversion ratio (FCR) 
was calculated by the amount of food fed/Ilsh weight 
gained. The FCR was found to be significantly better 
In fish reared at 2 5 ^ than In fish reared at 30''C 
(P < 0.05). The FCR calculated at 25 and 30''C was 
1.09 and 1.66. respectively. 

y Samples were weighed using an analytical balance 
«,(i"'' . (Mettler AE 20Cp^Pr(>ximate analysis was done 

following AOAC (1990): protein was analysed by 
the Kjeldahl method (N X 6.25). fat by ether extract 
in a soxhlet apparatus (AOAC 1990), carbohydrate 
by dlH'erence, moisture by .drying In an oven at 
105''C for 24 h, and ash by burning samples in a 
mufile furnace at 600°C overnight. Phosphorus 
content In dried food, fish and faeces was determined 
following AOAC (1990). The phosphorus retained 
In the fish carcass was determined by subtracting 
Initial carcass phosphorus content from the final 
carcass phosphorus content. Orthophosphate in 
water was determined with a Tfecator flow injection 
analyser (Aquatec 5400 Analyser) following the 
Aquatec instruction manual (Tecator 1990). 

Mean, standard deviation and standard error of 
phosphorus loss and phosphorus gain per diet were 
calculated following Zar (1984). All percentage data 

o were transformed to arc sin values prior to analysis 
(Systat Progranimfi_5^) using an IBM computer. 
One-way analyses of variance (ANOVA) were used to 
compare the means of phosphorus loss and gain 
using an IBM-compatible Microsoft Excel programme 

I' and setting the significance level at P < 0.05. 

Results and discussion 

Hourly patterns of phosphate production 

The hourly patterns of orthophosphate excretion 
are presented In Fig. 1. Figure 1 shows that there 
was a rapid Increase in phosphate level soon after the 
meal, which decreased linearly during the remaining 
24 h. There was no second peak following the 
second meal. However, the excretion rate was not 
significantly dllTerent between the three diets fed to 
silver perch containing 53%. 45% and 36% protein 
(P>0,05). Ballestrazzi. Lanari, D'Agaro & Moln 
(1994) also did not find any significant dllTerences 
In orthophosphate excretion In fish fed on three 
diets containing 41%, 48.6% and 53.6% protein. 
The peak of excretion In sliver perch was observed 
soon after the first meal and a similar trend was 
found In sea bass by Ballestrazzi ttaX. (1994). 

130 n 
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Figure 1 Postprandial patterns of orthophosphate 
excretion by silver perch Juveniles fed three diets and 
reared at 2S''C. There were no significant differences In 
phosphate excretion ofthe three diets fed to fish (P > 0.05). 
The protein and phosphorus content of the three diets are. 
respecUvely: (1) 53% and 1.33%: (2) 45% and 1.16%; and 
(3) 36% and 1.28% (mean ± SEM; n =3). 

Similarly, there was a rapid increase in ortho
phosphate concentration soon after the feeding of 
trout, which decreased and reached nonfeeding 
levels within 6 h (Solberg & Bregnballe 1982). Peaks 
of orthophosphate excretion are thought to be 
related to feeding and activity of fish (Hennessy, 
Wilson, Struthers & Kelly 1996), and are also 
dependent on the quantity and quality of food 
supplied (Lall 1991). These facts also reflected In 
the present study. 

Day-to-day variation of phosphate excretion 

Out of the three diets fed to fish, diet 2. containing 
45% protein, excreted comparatively less ortho
phosphate than either the 53% and 36% protein 
diets at both temperatures. This could be a result of 
the slightly lower phosphorus content In diet 2, 
although there were no significant difi'erences in 
phosphate discharges between the three diets fed to 
fish (P > 0.05) (Fig. 2). Nevertheless, fishmeal is the 
only source of protein for the three diets which 
might have caused non-slgnlflcant orthophosphate 
excretion of the three diets tested. Balleslrazri et al 
(1994) found that a diet with lower phosphorus 
content also resulted in lower phosphorus excretion 
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Day 

Figure 2 Day-to-day variation In orthophosphate 
excretion by sliver perch Juveniles fed three diets and 
reared at 25°C. There were no significant dllTerences In 
the phosphate excretion of the three diets fed to fish at 
25''C (P > 0.05) (mean i SEM: n =6). 

and they also did not find any significant dllTerences 
in orthophosphate excretion In seabass fed on 
herring meal based diets. Moreover, the phosphorus 
excretion rate was reported to be affected by the 
type of diet (Ketola, Westers, Houghton & Pecor 
1991: Kristiansen & Hessen 1992) and the source 
of protein (Ballaestrazzl etal. 1994), phosphorus 
(Ketola & Hariand 1993). For example, com gluten 
diets significantly reduced orthophosphate excretion 
in seabass In comparison to herring meal diets and 
this could be a result of less phosphorus In gluten 
than fishmeal (Ballaestrazzi etal 1994). Similarly, 
deflourinated rock phosphate decreased phosphorus 
discharges in rainbow trout by about 40-51% when 
compared to other phosphorus sources (Ketola & 
Hariand 1993). Because diet 2 was an extruded 
diet, this may have caused belter digestibility and a 
lower phosphorus excretion In sliver perch since 
extruded diet Is known to be more digestible, and 
to generate less solid and soluble waste discharge 
(Warren-Hansen 1982: Matty 1990). 

Silver perch reared at 25''C showed less 
orthophosphate excretion than fish reared at SO'C 
and the excretion rate was significantly higher 
at lO'C (P < 0.05) (Fig. 3). Kristiansen & Hessen 
(1992) reported an increase In orthophosphate 
excretion of noble crayfish, Astacus astacus. reared 

CCA-^"''*"^? 

104 

Day 

Figure 3 Day-to-day variation In orthophosphate 
excretion by sliver perch juveniles reared at 25 and 30°C. 
Phosphate excretion was significantly higher at 30"C 
(P < 0.05) (mean ± SEM: n =18). 

at higher temperature, and Savitz (1971) observed 
an elevated phosphorus excretion In bluegill sunfish, 
Lepomis macrocephalus, reared at higher temperature. 
The FCR is reported to play a significant role in 
determining the level of phosphorus load expected, 
since an Increase in FCR value from 1.0 to 1.5 may 
increase phosphorus load to about 86% for total 
phosphorus (Stroebakken & Austreng 1987a. b). 
The FCR for silver perch was significantly better at 
25°C, which may be related to the significantly 
lower orthophosphate excretion observed at 25"'C 
(P < 0.05). In addition to the digestibility of feed 
and the nutrient content In diet, the feeding 
technique may Influence the feed coefficient and 
phosphorus load from aquaculture (Enell 1995). 

Phosphorus retention 

Phosphorus retention In silver perch was 
significantly greater at 25''C than at 30°C 
(P < 0.05), which may be related to the optimum 
growing temperature of silver perch at 25°C. The 
average phosphorus retained at IS'C was 49% and 
at 30''C it was 24.5% (Table 2.). The significantly 
higher phosphorus retention obtained with sliver 
perch at 250''C may have been a result of the 
belter FCR achieved at 25°C. Moreover, the higher 
phosphorus retention at 25''C may have been caused 
by lower phosphate excretion and lower faecal 
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phosphorus losses obtained at 25''C (Fig. 2, Table 2). 
Furthermore, the restricted feeding at 3% food ration 
may have an affect on comparatively lower 
phosphorus retention at SO'C. The reported 
phosphorus retention markedly varies between 
species: 14-22% in coho salmon. Oncorhynchus 
klsulch (Walbaum). (Ketola etal. 1991): 61-81% 
In rainbow trout, Oncorhynchus mykiss (Walbaum). 
(Ogino & Takeda 197^); 39-40% In channel catfish. 
(Lovell 1978); 36.40% In Atlantic salmon, Salmo 
salar L, (Johnsen, Hlllestad & Austreng 1993); 33% 
In rainbow trout (Ketola & Hariand 1991): and 69-
87% in sunshine bass (Brown, Jaramillo & Gatlin 
1993). The other reasons for variation in 
phosphorus retention appear to be the result of diets, 
growth rates, source and levels of phosphorus fed 
to fish (Ketola et al. 1991: Lall 1991). 

At 25''C, about 66.7% ofthe phosphorus lost was 
in particulate form and the remaining 33.5% was 
in dissolved form. Out of the total phosphorus loss 
from aquaculture. a major loss was reported to be 
In particulate form, accounting for about 77-85.7%, 
and a minor loss, accounting for 14.3-23%. was In 
dissolved form (Enell 1987: Ackefors & Enell 1990: 
Enell & Ackefors 1991; Johnsen etal. 1993). The 
present study also found that the main path of 
phosphorus loss in silver perch was via faeces. 

There was a direct relationship between the feed 
conversion elEclency and phosphorus load to 
environment: the better the FCR the less the 
phosphorus load (Enell 1995). Matty (1990) 
mentioned that a good FCR is essential in reducing 
the phosphonis pollution In salmonids and trout. 
Similarly, nutrient loss rates were found to be 
dependent on FCR, nutrient content of the diet and 
the fish produced (Foy & Rosell 1991a). Therefore, 
a good FCR obtained at 25''C may be related to 
the lower phosphorus excretion and lower faecal 
phosphorus loss obtained In this study. 

Body composition of Rsh 

The body composition of fish varied by the rearing 
temperatures (able 3), and those fish reared at 25''C 
had significantly higher body protein, ash and 
phosphorus content than the fish reared at 30°C 
(P<0.05). This could be related to the better 
phosphorus retention observed at 25''C and may be 
an elTect of optimum growing temperature. The 
body composition of fish has been reported to be 
affected by the rearing temperatures (Brett. 

Shelbourn & Shoop 1969; Singh. SInha & 
Chakraborty 1979: Windell, Foltz & Sarokon 1978). 
ration size (Huisman. Breteler. Vismans & Kanls 
1979). experimental diets and protein level 
(Ballestrazzi el al. 1994; Haiqing & Xlqln 1994). and 
fish size (Brett et al 1969). Hasan, Islam & Allm 
(1993) found that the group of fish that showed 
better FCR also had higher carcass protein and ash 
content. In the present study, fish reared at 25'C 
also had a better FCR, which may have caused 
higher carcass protein and carcass ash content In 
sliver perch at this temperature. 

Summary and conclusion 

The results show that growing offish at an optimum 
temperature can enhance phosphorus retention and 
a reduction In the discharge of phosphorus to the 
environment. In order to maximize the phosphorus 
retention and minimize the phosphorus losses, 
further research is needed on the optimum 
phosphorus requirements of silver perch. 
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excretion for the three consecutive days of fish fed 
three diets at 25°C. Food conversion ratio (FCR) 
was calculated by the amount of food fed/fish weight 
gained. The FCR was found to be significantly better 
In fish reared at 2 5 ^ than In fish reared at 30''C 
(P < 0.05). The FCR calculated at 25 and 30°C was 
1,09 and 1.66. respectively. 

Samples were weighed using an analytical balance 
(Mettler AE 20(jib^Pr(>xlmate analysis was done 
following AOAC (1990): protein was analysed by 
the Kjeldahl method (N X 6.25). fat by ether extract 
In a soxhlet apparatus (AOAC 1990), carbohydrate 
by dlfTerence, moisture by drying in an oven at 
105"'C for 24 h, and ash by burning samples in a 
mudle furnace at 600°C overnight. Phosphorus 
content In dried food, fish and faeces was determined 
following AOAC (1990). The phosphorus retained 
in the fish carcass was determined by subtracting 
initial carcass phosphorus content from the final 
carcass phosphorus content. Orthophosphate in 
water was determined with a Tecator flow injection 
analyser (Aquatec 5400 Analyser) following the 
Aquatec Instruction manual (Ttecator 1990). 

Mean, standard deviation and standard error of 
phosphorus loss and phosphorus gain per diet were 
calculated foUowing Zar (1984). All percentage data 
were transformed to arc sin values prior to analysis 
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Results and discussion 

Hourly patterns or phosphate production 

The hourly patterns of orthophosphate excretion 
are presented in Fig. 1. Figure 1 shows that there 
was a rapid Increase In phosphate level soon after the 
meal, which decreased linearly during the remaining 
24 h. There was no second peak following the 
second meal. However, the excretion rate was not 
significantly different between the three diets fed to 
sliver perch containing 53%, 45% and 36% protein 
(P>0,05). Ballestrazzi. Lanari. D'Agaro & Moln 
(1994) also did not find any significant difi'erences 
In orthophosphate excretion in fish fed on three 
diets containing 41%, 48.6% and 53.6% protein. 
The peak of excretion In sliver perch was observed 
soon after the first meal and a similar trend was 
found in sea bass by Ballestrazzi etal. (1994). 
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Figure 1 Postprandial patterns of orthophosphate 
excretion by sliver perch Juveniles fed three diets and 
reared at 25°C. There were no significant dllTerences In 
phosphate excretion ofthe tiiree diets fed to flsh (P > 0.05). 
The protein and phosphorus content of the three diets are, 
respecUvely: (1) 53% and 1.33%; (2) 45% and 1.16%: and 
(3) 36% and 1.28% (mean ± SEM; n =3). 

Similarly, there was a rapid increase in ortho
phosphate concentration soon after the feeding of 
trout, which decreased and reached nonfeeding 
levels within 6 h (Solberg & BregnbaUe 1982). Peaks 
of orthophosphate excretion are thought to be 
related to feeding and activity of fish (Hennessy. 
Wilson. Struthers & Kelly 1996), and are also 
dependent on the quantity and quality of food 
supplied (Lall 1991). These facts also reflected in 
the present study. 

Day-to-day variation of phosphate exc^c^lo^ 

Out of the three diets fed to flsh, diet 2. containing 
45% protein, excreted comparatively less ortho
phosphate than either the 53% and 36% protein 
diets at both temperatures. This could be a result of 
the slightly lower phosphorus content in diet 2. 
although there were no significant difi'erences in 
phosphate discharges between the three diets fed lo 
fish (P > 0.05) (Fig. 2). Nevertheless, fishmeal Is the 
only source of protein for the three diets which 
might have caused non-slgnlficant orthophosphate 
excretion of the three diets tested. Ballestrazzi el al 
(1994) found that a diet with lower phosphorus 
content also resulted In lower phosphorus excretion 
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5 September 1997 

Ourref NTAS-120-L97 

Mr Golam Kibria 
9 Keith Street 
Coburg 3058 
Australia 

Dear Mr Kibria, 

Your article Nitrogen pollution from aquaculture: Can it be reduced? has been forwarded 
to us for possible publication in the Aquabyte section of the Naga. The article will be 
sent to the reviewers and we shall notify you of its progress. 

Thank you very much for your continued interest in the activities of the NTAS. 

With best regards. 

Yours sincerely, 

Natalie D Macawaris 
NTAS Secretary 
Assistant Editor, Aquabyte - Naga 

Date: Fri, 07 Nov 1997 11:42:00 -0800 (PST) 
From: Natalie Macawaris <N.MA0AWARIS@CGNET.COM> 
To: Golam Kibria <s9337499@ cougar.vut.edu.au> 
Subject: Urgent: query on Article for Aquabyte/Naga 

Your a r t i c l e 'Ni t rogen P o l l u t i o n from Aquacul ture : Can i t be Reduced' w i l l 
be piiblished i n t he January 1998 i s s u e of Naga. In t h i s r ega rd , below a re 
some que r i e s r e t he a r t i c l e : 

(a) We need t h e source ( journal /book) t i t l e fo r 

Iwata, K. 1970. R e l a t i o n s h i p between food and growth of young c ruc ian carp , 
Carassinus a u r a t u s c u v i e r i , as de termined by the n i t r o g e n b a l a n c e . 

(b) We need t h e p u b l i s h e r s name and p l a c e for 

Watanabe, T. 1991. Pas t and p r e s e n t approaches to a q u a c u l t u r e waste 
inanagement i n Japan . In N u t r i t i o n a l s t r a t e g i e s and a q u a c u l t u r e was tes , C.B. 
Cowley and C.Y. Cho (eds . ) 

On behalf of Dr Gupta, t he NTAS Coord ina to r , we would lilce t o convey our 
apprec i a t ion fo r your cont inued i n t e r e s t i n t h e a c t i v i t i e s of t he networJc. 

More power t o you and b e s t r e g a r d s . ' 

S incere ly , 2^8 

Nata l ie 

mailto:N.MA0AWARIS@CGNET.COM


JOURNAL OF APPLIED ICHTHYOLOGY 
Editor in Chief: Prof. Dr. Dr. h.c. Dr. h.c. Harald Rosenthal 

Dusterabrooker Weg 20, Insitute for Marine Science, University of Kiel, 24105 Kiel, Germany 

Kiel, 26. November 1997 
Dr. Godam Kibria 
84 Munro Street 
Coburg, VIC 3058 
Australia 

Re: revised manuscript JAI-97-50 : Effects of salinity on the growth and nutrient 
retention in silver perch Bidyanus bidyanus 

Dear Dr. Kibria, 

I am in receipt of the revised version of the above mentioned manuscript. After 
careful reading and comparison with the previous version and the referee 
comments I consider it now acceptable for publication in the Journal of Applied 
Ichthyology. Congratulations for providing a valuable contribution to aquatic 
sciences. 

I have initiated today the processing of your paper. However, be aware that it will 
take quite some time before it will appear because we have at the moment a 
number of papers in the mill. I assume it will appear in the summer issue of 1998. 
You will receive the galley proof pages early in the next year. 

Sincerely yours 
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De(>artaent of. Environaental Kanageaent. 
University of Technology, St Albans; Canpus, 
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Victorial 
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Phosphoruŝ  is the key nutrient in freshwater eutrophication. 
studies vere Bade on. the loading^ of phosphonis to the 
envinxuent fomrearing-oT native freshwater silver perch, 
JSdyemus-bidyami. Trials were- "conducted at t » 
teaperatures (20±lCand 2 5 t l t ) and fish, are being fed 
two comercial diets refered to as diet(1) and diet(2). 
Total phosphorus vas determined in the fish caracass, feed, 
faeces and in uneaten feed in orda- to determine phosphorus 
gain by fish (as bioaccumulation) and phosphorus loss to 
the environment (as pollutants). 

Keywrds: Aquaculture. Phosphorus, feed. Pollution 

1.Department of Environmental Hanagement, Victoria Ifeiiversity 
of Technology, Australia 

2.Biology and Chemistry Dewrtment, City University of Hong 
Kong, Kovloon. ilong Kbns 

•a.Centrefor Bioprocessing & Food Technology, Vtctbrla 
University of Technology, Australia ' ^ 
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199 
PATTERNS OF NUTRIENT DISCHARGE BY SILVER PERCH Bidyanus bidyanus REARED AT 
DIFFERENT TEMPERATURES. 

Golam Kibria*., Dayanthi Nugegoda, Robert Fairclough and Paul Lam 

Department of Environmental Management 
Victoria University of Technology 
P.O.Box 14428, MCMC 
Melbourne, Australia 

The native fish silver perch (Bidyanus bidyanus) were fed on three artificial diets and the hourly and daily 
patterns of ammonia and orthophosphate discharge at 25''C and 30°C were observed. There was a sharp 
"icrease in ammonia and phosphorus production soon after meals (Figure 1 and 2), which decreased linearly 
•luring the remaining 24 hours ofthe day. There was no significant difference between nutrient discharge in 
Jlie fish fed the three different diets(P>0.05). The daily ammonia and phosphorus excretion rate was observed 
increase at the higher temperature (Figure 3 and 4) and was significantly higher at 30°C (P<0.05). The daily 
patterns of ammonia and orthophosphate discharge was also affected by the diets and amount of feed consumed 
' "e fish. The feed that resulted comparatively better nutrient retention in fish discharged less ammonia 

orthophosphate to environment. 
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ABSTRACTS 
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Nitrogen pollution from aquaculture : nitrogen losses and nitrogen retention by silver 
perch, Bidyanus bidyanus (Mitchell 1838) (Teraponidae) 

G. Kibria^, D, Nugegoda^, R. Fairclough^ 
I. bepartment of Biological and Food Sciences and 

2. Department of Biomedical Sciences Victoria University of Technology, MCMC, Melbourne, VIC, Australia 

Nitrogen is the most in^ortant and an expensive ingredient in fish feed. Nitrogen is required for normal growth 
of fish, but an abundance of mtrogen may cause nitrogen pollution in both fireshwater and marine environments. 
There are no previous studies on pollution load fi-om silver perch culture although silver perch is a major 
fieshwater aquaculture industry in the country. Silva- perch juveniles were reared in glass aquaiia and fed on 
three diets containing 36%, 45% and 53% protein to quantify the nitrogen losses and nitrogen retention at 250C 
and 300C. The main path of nitrogen loss was found to be via gill excretion (85.7%-90.2%) and via faeces 
(9.8%-14.3%). The houriy excretion rate of ammonia showed a sharp increase soon after a meals and a linear 
deaease during the remaining 24 hours. This rate was not significantiy different in fish fed on the three different 
diets at 250C OE*>0.05). The daily excretion of ammonia was significantiy higher at 300C tiian at 250C (P<0.05). 
A linear relationship was found between tiie mtrogen intake and tiie loss of nitrogen in faeces. Faecal nitrogen 
loss was higher at 300C tiian at 250C (P<0.05). The nitrogen retention by silver perch was found to be 
significantiy greater at 250C tiian at 300C (P<0.05), and tiie avCTage nitrogen retained at 250C and 300C was 
43.2% and 29.5% respectively (P<0.05). The higher nitrogen retention at 250C may be related to tiie better food 
conversion ratio (FCR) and lower nitrogen loss obtained at 250C witii silver perch. The study shows tiiat culture 
of fish at tiieir optimum ten^)craturc may enhance nitrogen retention and a reduction in the discharge of nitrogen 
to the environment 

•^ 
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on 
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SEWAGE GROWN ZOOPLANKTON AS AN ALTERiNATIVE FEED OF 
AUSTRALIAN NATIVE FISH SILVER PERCH, RFDYANIJS 

G. Kibria^ D. Nugegoda^ R.. Fairclough^, P. Lam^ and A Bradley"* 

^Department of Environmental Management, Victoria University of Technology, 
P.O.BOX 14428, MCMC, Melbourne, VIC 3021, Australia; ^Centre for Bioprocessing 
and Food Technology, Victoria University of Technology, P.O.BOX 14428, MCMC, 
Melbourne, Australia; ^Chemistry and Biology Depanment, City University of Hong 
Kong, Tatt Chee Avenue, Kowloon, Hong Kong; "^Zootech Research Group, 
P.O.BOX 3050 , Werribee, VIC 3051, Australia. 

Zooplankton are the essential food of juvenile fish and crustaceans. It contain high 
percentage of protein and fat. Zooplankton grows abundantly in the nutrient rich 
Werribee sewage lagoons., Melbourne and the resource is unutilised. The silver perch 
fingerlings were fed on live, frozen and dry zooplankton in order to evaluate 
performance of zooplankton based feed in comparision to commercial silver perch 
diets. 
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Appendix II. Definitions of abbreviations, terms and units 

Acclimatization 

Aeration 

Ammonia 

Ammonium 

Aquaculture 

the adaptation to a new environment (Rosenthall et al. 1990) 

the mixing of air and water by mechanical means (Boyd & Lichticoppler 
1979; Rosenthall et al. 1990); 

a form of nitrogen/nutrient found in water and can be toxic to fish, it is the 
major waste product of protein or nitrogenous metabolism of aquacultured 
animals (Boyd & Lichticoppler 1979; Rowland 1996); 

positively charged ion resulting from the reaction of ammonia in water, 
NH4 (Boyd & Lichticoppler 1979); 

the farming of aquatic organisms (fish, molluscs, crustaceans, other 
invertebrates and aquatic plants) using extensive, semi-intensive or 
extensive methods in order to increase the production or yield per unit 
volume to a level above that obtained naturally in a particular aquatic 
environment (Rosenthal et al 1990); 

Apparent net protein utilization (APNU) 
= final body nitrogen - initial body mtrogen / amount of nitrogen consimied 

(Jauncey 1982); 

Ash 

Carbohydrates = 

Crude protein = 

Crude fat (ether extract) 

essential minerals, non-essential minerals, toxic elements (Hardy 1989; 
De Silva & Anderson 1995); 

starches, sugars, cellulose and gums (New 1987); 

(N X 6.25), essential amino acids, non-essential amino acids, amines, 
nucleic acids (De Silva &, Anderson 1995); 

Crumbles 

Diet 

Crude fibre 

Digestibility 

Dissolved solids = 

Dissolved oxygen = 

the material extractable by ether extraction containing triglycerides, 
phospholipids, sterols, waxes (New 1987; Devendra 1989; De Silva & 
Anderson 1995); 

small particles produced by cracking pellets and screening (Hardy 1989); 

A controlled mixmre or combination of feed ingredients or foods (Hardy 
1989); 

indigestible carbohydrates fractions, cellulose, lignin, chitin (New 1987); 

the proportion of a feed which is not excreted in the faeces and is assumed 
to be absorbed by the animal (Devendra 1989); 

the portion of solids (material) that passes through a standard glass fibre 
filter (0.45um) and remains after evaporation (APHA 1989; Adams 1990), 
continuously distributed, ammonia, urea, orthophoshate, phosphorus (Muir 
1982; Hennessy e/o/. 1996); 

the elemental oxygen gas contained in a body of water to support the fish 
life (Boyd & Lichticoppler 1979); 
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Dry matter (DM) = refers to moisture-free residue of a sample, which is determined by 
keeping a sample in an oven at 105°C until it reaches a constant weight 
(Devendra 1989); 

Ecology the inter-relationships between living organisms and the environment 
(Clark 1990); 

Ecologically sustainable development (ESD) 
= development of an natural resource in such a way that the ecology 

(ecosystem) can continue to function in a namral way (Howes 1995); 

Effluent waste water discharged into water body; 

Essential amino acids 

Eutrophic 

Fines 

Faeces/faecal 

Feed 

Feed coefficient 

Fish food 

Fish meal 

g 

Hardness 

Heavy metals 

kg 

kPa 

1 

Intake 

Leaching 

Meal 

amino acids which are essential to the animal and which the animal body 
cannot synthesize fast to meet their requirements (New 1987; Devendra 
1989); 

lake or water bodies over-supplied with nutrients that promotes excessive 
growth of algae and other plants (Clark 1990); 

dust and small particles that result from pellet disintegration (Hardy 1989); 

excreted from the intestine (Butz and Vens-Cappell 1982); 

a mixture or combination of ingredients (Hardy 1989); 

the feed consumed per unit weight of increase (Rosenthall et al. 1990); 

any material containing nutrients that can be consumed, absorbed, and used 
by tiie body (Hardy 1989); 

protein- rich aiumal feed product based on fish (Kailola et al. 1993); 

gram(s) (Adams 1990); 

the concentration of calcium and magnesium in a water sample expressed 
as mgA of equivalent of CaCOs (Boyd 1990); 

metals with an atomic mass greater than tiiat of calcium; also known as 
trace metals (Forftner and Wittmann 1979); 

kilogram(s) (Adams 1990); 

kilopascal (Purchase 1997) 

litre(s) (Adams 1990); 

amount of feed consumed and available for digestion and expressed in DM 
(Devendra 1989); 

dissolved and washed out, and tiie rate of leaching depends upon physical 
characteristics of waste (Hennessy et al. 1996); 

physical form of a feed that has been reduced to a particle size (Devendra 
1989); 
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Moisture = water (New 1987; Hardy 1989); 

Moisture content (%) 

M 

Non-faecal 

îg/1 

mg/1 

|X1 

^m 

]U.mhos / cm 

ml 

nm 

N 

Nitrogen 

Nitrite 

weight of fresh sample - weight of dry .sample x 100 (New 1987); 
weight of fresh sample 

molar concentration or mole or gram molecular weight per litre (Adams 
1990; Parsons et al. 1984); moles of solute/litres of solution; 

excreted from the gills, kidney and skin and dissolved in water (Butz and 
Vens-Cappell 1982); 

micrograms per litre; 1 x lO'̂ g or |iM/l (Adams 1990; Parsons et al. 
1984); 

milligrams per litre; 1 x lO-̂ g (Adams 1990); 

microlitres(s) (Adams 1990); 

micrometer (0.001 milUmetre or lO'̂ mm) (Parsons et al. 1984); 

specific conductance / or conductance - micromhos / centimetre (Adams 
1990); 

mi'llilitres(s) (Adams 1990); 

nanometre(s) lO'̂ m (Adams 1990); 

normality; gram equivalent/ litres of solution (Adams 1990); 

essential nutrient for both plants and animals; 

is an intermediate oxidation state of nitrogen; 

Non-essential amino acids 

Nutrient 

amino acids which are not needed in the diet but which are essential to 
the animal, it's main role in diet palatability (New 1987; Devendra 1989); 

substance necessary for the growth and reproduction of organisms (New 
1987; Boyd & Lichticoppler 1979); 

Orthophosphate or reactive phosphorus 
phosphate that pass through 0.45 )Lim-pore diameter membrane filter and 
determines witiiout hydrolysis or oxidative digestion, orthophosphate is 
readily available to plants (Boyd 1990); 

Pellets 

pH 

Point source 

a physical form of feed or combination of feeds which are compacted by 
mechanical means (Devendra 1989); 

- log[H+], h is a measure of tiie hydrogen ion concentration and indicates 
whether water is acidic or basis (Adams 1990; Rowland 1996); 

from a specific locations (sewage treatment, dairy sheds, fish farms) 
(Erskine et al. 1995); 
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Pollution 

ppt 

Ration 

Salinity 

Solid waste 

Soluble waste 

Suspended solids 

Sustainable 

Trash fish 

Water quality = 

Zooplankton 

the entry into a system of any material that will harm that environment or 
make it dangerous for any orgarusm living in it (Howes 1995) 

1 part per thousand or 1 gram per litre (Kailola et al. 1993); 

a share or allotment of feed over 24 hour (Hardy 1989); 

total concentration of all ions dissolved in a water sample expressed in 
miUigrams per litre or parts per million (Boyd 1990); 

discontinuous and physically separable waste, which may leach out 
fiirther, for example, dust, uneaten food, undigested food, mucus, intestinal 
cells, bacteria, faeces, scales (Muir 1982; Phillips and Beveridge 1986; 
Hetmessy e/a/. 1996); 

non-faecal loss (Cho et al 1991); 

the portion of solids (residues) retained by a glass fibre filter after 
filtration it provides data on the concentration or load of a particulate 
matter suspended in the water column(APHA 1989; Adams 1990); 

a natural resources/renewable resources that can be replaced naturally 
(Howes 1995); 

fish of no commercial value that have been caught but are discarded 
(Kailola e/a/. 1993); 

all the physical, chemical and biological properties of a water body 
(Boyd & Lichticoppler 1979); 

microscopic aquatic animals suspended in water (Boyd & Lichticoppler 
1979); 
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