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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 freshwater 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 from 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 grown zooplankton, and quantifies solid and nutrient load
from 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 of fish fed the three diets (P>0.05). The gain in
weight decreased as diet-2>diet-1>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 growth and a better FCR,
produced less suspended and dissolved solid waste to the environment (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 after 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 O 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
further 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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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
1s 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 of fish 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 ef al. 1995).

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

Year Tonnes Value (A$)
(000's) (million)
1988/89 11.9 135.9
1989/90 12.4 188.0
1990/91 14.3 237.5
1991/92 16.2 254.1
1992/93 16.8 255.5
1993/94 217 318.9
1994/95 23.5 418.7
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Chapter 1 - General nroduction

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 ef a/. 1996a). Among the native fish, four
species have been identified as potential for aquaculture. These are the silver perch
(Bidyanus  bidyanus), Golden perch (Macquaria ambigua), Murray cod
(Maccullochella peeli) and Freshwater catfish (Zandanus tandanus) (Hume and

Barlow 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 Barlow 1991; Allan and Rowland 1992; Rowland and Kearney
1992). It 1s 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 er al. 1990). It is a potamodromous
species, i.e., migrate wholly within freshwater habitat (Guo ez 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 English 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

believed to be 23.0°C - 28.0°C (Rowland ef al. 1995). Apart from extremes
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of temperature, higher ammonia concentration could significantly reduce the growth of
silver perch during the hottest months (Rowland 1995b). Table 1.1.1. lists 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 Recommended Optimum for growth
Temperature (°C) 10-30 23-28

Dissolved oxygen (mg/1) >4.5

pH 7.0-9.5

Total ammonia nitrogen (TAN) (mg/1) <2.0

NH; (mg/1) (unionised ammonia) <0.1

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, adult 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 1967¢)
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 e al. 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 extensiv.ely 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, Dc;phnia 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 1s 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
(Barlow 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 potential 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
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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; VIC=Vicioria;
WA=Western Australia].

farm hatchery value
(tonnes) (000's) ($,000)
FINFISH
Statewise Silver Perch production
Silver Perch (NSW) 17.3 1,807.3 635.8
Silver Perch (VIC) 1 NDA 10
Silver Perch (QLD) 344 400.0 331.9
Silver Perch (SA) - - -

Silver Perch (WA) - - -
Silver Perch (TAS) - - -
Silver Perch (NT) - - -

ilver Perch an her native finfish pr ion during 1994/95

Silver Perch (all states) 52.7 2,207.3 977.7
Golden perch (all states). 0.5 2,498.9 397.0
Murray cod (all states) <0.1 196.7 101.3
Trout cod (all states) no data 32.1 34
Australian bass (all states) <0.1 2743 95.6
Catfish (all states) no data 44.5 42.6
Macquarie perch (all states) no data 53.0 5.4
Mary River cod (all states) no data 4.7 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 B. 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)
1991-92 439 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 IU/kg HCG (Rowland 1984). About
three million silver percﬁ fry are produced annually by induced breeding to stock farm

dams, and other natural waters used for recreational fishing (Rowland ez a/. 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 B. 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 composition (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 temperature on food conversion ratio (FCR)
of silver perch.

Protein Feeding rate Water FCR Cuiture Source

content (%) % BW!/day temperature system

20.7% satiation 18.30-22.8°C 3.0£0.2 Tank Allan and Rowland (1991)
36% satiation 18.30-22.8°C 1.740.1 Tank Allan and Rowland (1991)
49% satiation 18.30-22.8°C 2.4+40.3 Tank Allan and Rowland (1991)
35% 5% 22.0°C-26.6°C 1.1-1.2 Pond Rowland ez al. (1994)
35% 4% & 3% 13.2°C-28.4°C 1.8-1.9 Pond Rowland er al. (1995)
35% 3% - 10-13 - Allan and Rowland (1992)
35% 3% 12.5°C-30.3°C 23 Pond Rowland (1995d)

50% 3% 22.0°C-31.3°C 0.7 Pond Rowland (1994)*

IBW = 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 efficient 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 ef 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 11.1-20°C 0.5 Rowland (1995¢)
October-March Summer >20°C 2.3 (low density) Rowland (1995¢)
October-March Summer >20°C 2.1 (high density) Rowland (1995¢)

The silver perch fry grew faster at a stocking density of 25,000/ha than at
80,000/ha in earthen ponds (Rowland ef al. 1994). When silver perch were reared at
43,000 fish/ha, the annual production figure was calculated to be 10.2 tonnes/ha
(Rowland 1995d; Rowland ef 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 1995¢). Similarly, growth
of B. bidyanus were found to be slower in aquaria compared to commercial ponds

(Kibria et al. 1997a.).
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Performance of Silver Perch in saline waters

Silver perch can tolerate salinity as high as 15 ppt (Guo ef al. 1995) and larvae hatched
at 6 salinity showed better survival rate than those hatched in freshwater (Guo ez al.
1993). Ingram et al. (1996) reported a good survival and growth of silver perch when
reared in cages at Jower 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 ef al. 1996).

Information regarding other aspects of the aquaculture of B. 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 Ogburn ef al. (1995)
Artificial breeding of silver perch Thurstan & Rowland (1993)
Fingerlings and market size silver perch production Rowland (1995¢c)
Water quality criteria for silver perch Rowland (1995b)
Diseases of silver perch Callinan & Rowland (1993)
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 denstty (Geiger 1983; Fernando 1994). Zooplankton have been used to rear fry
and larvae (De Pauw ef a/. 1981; Watanabe ef a/ 1983) and as feed for species which
normally do not accept artificial feed (Bryant and Matty 1980). Both live (Dabrowski
1984; Alam ef al. 1993) and frozen zooplankton (Brett 1971, Sargent ez 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 er al/. 1983;

Millamena et al. 1990).

Biochemical composition of zooplankton

Several researchers have demonstrated that the biochemical composition of
zooplankton is attraétive for aquaculture of finfish and crustaceans (Table 1.2.1,
1.2.2). The average protein content of different zooplankton species are, Daphnia
$p.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 7.73-27.22% (Table 1.2.1.). The biochemical composition
in natural zooplankton varies seasonally (Khan and Qayyum 1971; Donnelly er 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 of fish (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 pulex, 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=Calcium].

Mois. Ccp CF CHO Ash P Ca Source
Cladocerans
Daphnia sp. 89.3 70.1 13.07 - 6.53 1.40 0.19 1
Daphnia sp. - 45.0 04.5 - - - - 8
Daphnia sp. 89.3 70.1 13.07 - 6.54 1.46 0.21 11
D. magna - 68.0 13.1 17.9 - - - 5
D. magna - 45-50 - - - - - 16
D. magna - 56.3 10.7 - - - - 9
D. pulex (natural pond) 91.2 65.6 23.6 - - - - 6
D. pulex 94.0 50.0 16.66 - 20.0 - - 1
D. pulex 94.0 49.7 16.3 4.9 19.3 - - 2
D. pulex (horse manure) 89.8 66.8 20.9 - - - - 6
D. pulicaria - 78.1 14.6 7.30 - - - £
D. longispina - 75.6 12.2 12.2 - - - 5
D. obtusa - 67.5 8.60 239 - - - 5
D. hyalina - 69.4 243 6.3 - 2.0 - 7
D. carinata (sewage) 92.9 54.3 7.29 27.1 113 1.14 - 10
Moina sp. (bakers yeast) 87.2 68.55 22.13 - - 1.41 0.08 1
Moina sp. (yeast+ manure) 89.0 77.85 11.81 - - 1.1 0.09 1
Moina sp. (poultry manure) 87.9 59.12 27.22 - - 1.32 0.16 1
M. micrura - 65.1 8.7 - - - - 4
M. asutraliensis (sewage) 93.7 64.8 7.73 20.65 6.82 1.11 - 10
M. micrura (chicken manure) - 69.53 9.94 - 6.80 - - 14
Copepods .
Cyclops sp. - 69.3 14.8 - - - - 9
C. vicinus - 69.2 6.0 248 - - - 5
C. sphacricus - 73.2 18.5 8.4 - - 2.1 7
Diaptomus sp. 92.4 57.89 25.06 - 5.26 - - 1
D. gracills - 76.0 9.4 14.6 - - - 5
D. castor - 85.0 9.5 5.5 - - - 5
Tigriopus japonicus (natural) 88.6 71.00 22.80 4.38 0.79 0.09 - 1
T. Japonicus (yeast) 87.2 69.48 20.48 4.67 0.94 0.16 - 1
T. Japonicus (yeast+chlorella)  86.6 67.16 23.81 3.73 0.97 0.15 - 1
Calanus plumchrus 89.0 5820 21.80 0.50 9.40 - - 15
Copepods (Sargasso sea) 86.15 51.25 - - - 0.75 - 19
Copepods (Continental) 87.00 36.87 - - 20.50 0.60 - 19
Copepods (North Pacific) 78.45 56.87 - - 04.00 - - 19
Rotifers
Brachionus plicatilis (yeast) 90.8 64.3 15.1 - 10.9 1.11 0.16 11
B. plicatilis (yeast+ chlorella) 87.9 63.7 23.1 - 6.78 1.38 0.11 11
B. plicatilis (chlorella) 86.4 58.1 274 - 6.62 1.54 0.15 11
B. plicatilis - 56.92 12.8 16.68 13.60 1.42 - 17
Euphausiaceas
Krillmeal - 56.2 9.2 - 15.9 2.08 4.00 5
Krill meal - 418 13.0 11.3 - 1.48 - 13
Euphausia pacifica 82.0 33.33 27.77 - 27.77 1.61 2.57 1
E. superba - 56.3 10.7 - 15.0 2.0 36 12
Euphausids 80.50 38.44 - - 20.50 1.05 - 19
Recommended dietary nutrient levels for fish
Omnivorous fish
Fry (0.05g) - 42 8 - - 1.0 25 18
Fingerling (0.5-10g) - 39 7 - - 0.9 25 18
Juvenile (10-50g) - 37 7 - - 0.8 2.0 18
Carmnivorous fish
Fry (0.05g) - 52 16 - - 1.0 25 18
Fingerling (0.5-10g) - 49 14 - - 0.8 2.5 18
Juvenile (10-50g) - 47 14 - - 0.8 20 18

1.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); 8.Anon (1996); 9.Aqua Company, UK (personal contact); 10. Present study
(chapter 4); 11.Watanabe et al. (1983); 12.Lukowicz (1979); 13.Hilge (1979); 14.Alam et al. (1993), 15. Brett (1971).; 16. De
Pauw et al. (1981); 17.Millamena et al. (1990); 18.Creswell (1993 quoted from Tacon 1990); 19.Parsons et al. (1984).
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-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 ez al. 1975). The
fatty acids composition of zooplankton is influenced by the fatty acids composition of
their diet (Watanabe ez 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 of fish (Kanazawa ez 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 er al. 1983, Tucker 1992,
Fernnandez-Reiriz, ef al. 1993). Further information on lipids and the lipid classes of
freshwater zooplankton can be found in Cavaletto et al. (1989), Watanabe e? al.

(1983), Mims et al. (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 Moller 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 ez al. (1983)
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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 live

zooplankton than on artificial diets (Dave 1989).

Herring and trout offered frozen calanoid copepods, Calanus finmarchicus
assimilated more than 90% of the dry matter in zooplankton (Sargent ez al. 1979). Fish
fed on frozen 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 frozen 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 knill (Euphausia pacifica) were found to be more pigmented than on commercial
feed (Sargent ef 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; furthermore, the chilled and frozen 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 ef al. 1979; Lauff and Hofer 1984) and water (Lemm 1983) in

zooplankton are all positive qualities for start feeding (Holm and Moller 1984). Free
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amino acids are present in the frozen fluid that surrounds the zooplankton and these
constitute a powerful attractant and appetite stimulant for fish (Dabrowski and

Rusiecki 1983; Mearns 1986; Tucker 1992).

Frozen zooplankton can release soluble material into the water through the
freeze-damaged cells. As a result a large percentage of free amino acids could
disappear from the food material. Free and protein bound amino acids could be lost in
this way from zooplankton (Anon 1970; Grabner ez a/. 1981/1982) which may affect
the growth of fish (Brett 1971). Rapid freezing might avoid both soluble and insoluble
organic loss from fragmented pieces (Anon 1970). Pelleting the freeze 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 of fish (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 growth 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 fry and most studies have shown that
the fry perform better when fed with live zooplankton than when fed with dry artificial
diets (Dabrowski 1984; Dabrowski e# 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 er al. 1983)
would therefore be a suitable first food for fish. Carotenoids in zooplankton may
function 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 ef al. 1979) and freshwater zooplankton (Moina sp.)
could be a suitable substitute for expensive Artemia sp. (Alam et al. 1993). However,
further research is needed on the development of zooplankton based dry diets (pellets)
which could reduce the leaching of nutrients seen in frozen zooplankton. Experiments
on total or partial replacement of fish 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 grown zooplankton before using them at
large scale. In summary, zooplankton whether live or frozen constitutes a very useful

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 (Phillips and Beveridge 1986, Beveridge er al. 1991; Cripps
1993a,1993b; Costa-Pierce 1996; Cripps and Kelly 1996) (Figure 1.3.1). In general,
the undigested starch from grain by-product, and ash from the animal bones are the
main components of solid wastes from 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 ez al. 1992; Cho 1993).
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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 et al. 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; IOA 1990; Costa-Pierce 1996).
The solid waste output can rise by 100-200 times during tank cleaning (Bergheim ez 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 ez al. 1976; Merican and Phillips 1985), and seasonal temperature
(Kilambi ez 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 further influence the amount of solid wastes output
(Boyd 1978; Bergheim et al. 1982; Merican and Phillips 1985; Beveridge 1987, I0A
1990, Beveridge ef 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 from 1833-1,880,000 particles/l (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 solid 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 (um) Total nitrogen (TN) Total phosphorus (TP)  Reference

>0.45 26.2 30 Foy & Rosell (1991a)
>0.45 20 25 Cripps (19953)

>0.60 7-32 47-84 Bergheim et 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 ez
al. 1993; Cripps 1995) and 65% phosphorus (Yarris 1981) in solid waste from
aquaculture. Ketola and Harland (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 e 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%. 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 solid
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 : solid

waste was 1 : 1.08% (Stewart 1997).

Beveridge ef 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 ef al. 1991) to a
higher figure of 2153 kg/ t (NCC 1990) (Table 1.3.2.).

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

Species Solid waste Reference

Salmonids 289-2153 NCC (1990)

Rainbow trout 290-655 Phillips & Beveridge (1986)
Rainbow trout 1350 Solbe (1982)

Rainbow trout in cages 389 Merican & Phillips (1985)
Rainbow trout in tanks 259 Butz & Vens-Cappell (1982)
Trout 550 Warren-Hansen (1982)
Brown trout 243 Cho et al. (1991)

Species not mentioned 510.7+207.3 IOA (1990)

Catfish 2302 Boyd & Tucker (1995)
Silver perch 284-549 Present study (chapter 5)

The suspended solids concentrations as effluents from fish farms are typically in
the range of 3-14 mg/l. whereas data from shrimp farms appears to be much higher

(Table 1.3.3).

40



Chapter | : General introduction

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

Country Species Suspended References

solids (mg/1)
21 EIFAC farm Trout & salmon 9.0 Albaster (1982)
Norway Salmon 3.0 Bergheim et al. (1991a)
Norway Salmon 1.6-14.1 Bergheim et al. (1993)
Sweden - 6.9 Cripps (1995)
UK. - 5.0-50.0 Muir (1982)
31 UK farms Rainbow trout 11.1 Solbe (1982)
Denmark Rainbow trout 5-50 Warren-Hansen (1982)
USA Channel catfish >30.0 Boyd & Tucker (1995)
Thailand Shrimp 30.0-190.0 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 from 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) from 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) ---> CH, + H,O + N'H+4 + NO”,+ organic P (with
low dissolved oxygen supply)

2. Carbohydrate + protein + fat (organic waste) ---> CO, + H,0 + NO™; + PO, (with high DO,
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 fractions which have an immediate effects on the water quality of the
environment (NCC 1990; Kelly 1993). Indeed, the water quality of freshwater 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 <30 mg/1
Good <35 mg/
Moderate <40 mg/1
Poor <60 mg/l
Degraded >60 mg/1

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 ef al. 1985; Phillips 1985; Phillips 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 ef al. 1972; Kilambi ef 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 from
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 ef 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% (Fivistad et al.
1990). The other route of nitrogen loss is via uneaten feed or dust (Beveridge ef al.

1991; Bergheim and Asgard 1996; Kibria ef a/. 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
Oliva-Teles 1985; Ramnarine ef 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 Gadus morhus (Ramnarine ef 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).
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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 e a/. 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 from
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 ¢t al. 1977;
Rychly 1980; Dosdat er 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 in 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 ez al. 1995). The rapid increase of temperature 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 result both hourly and daily patterns of nitrogen excretion can be

affected. (Kikuchi ez al. 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 er 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 ez
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 e al. 1995), species
(Davenport ef al. 1990; Gershanovitch and Pototskij 1992), intra-species families
(Gallagher et al. 1984; Kaushik ef al. 1984; Ming 1985), and physiological status
(Wiggs er al. 1989). Additional factors include temperature (Speece 1973; Paulson
1980; Jobling 1981; Clark ef 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 ef 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 er al. 1994; Lanari ef al. 1995a)
and temperature (Jobling 1981) and decreases with high energy or extruded diets
(Lanari ef 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 e 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 ez al.
1995). The reported faecal nitrogen lost from fish is in the range of 5.5% to 15.7% of
nitrogen intake (Kaushik 1980; Porter ef 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 N, assimilation Faecal excretion Reference
efficiency (%) (mg N kg1 h'l)

Atlantic salmon 68 17.49 Santos & Jobling (1991)
Atlantic salmon 95 02.73 Santos & Jobling (1991)
Atlantic salmon 99 00.54 Santos & Jobling (1991)
Turbot 68 04.62 Bromley (1987)

Turbot 95 00.72 Bromley (1987)

Turbot 99 00.14 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 ez 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 er a/. 1992) (equation 2). The nitrogen balance is
determined from the proportion of nitrogen absorbed into the tissues (nitrogen

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

Equation 1 : N retention = [{final body nitrogen - initial body nitrogen} x 100 / total dietary
nitrogen supplied] (Brown et al. 1993).
Equation2: N balance = N consumed - N retained - N excreted - Faecal N (Hall ez 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.

N GAIN e — ~N LOSS-—-memmeeeeeeem ]

N retained Dissolved N Faecal N Uneaten N Diet Species Reference

27.8% 56.48% 15.74% ns! Ackefors & Enell (1994)
49.1% 37.3% 13.5% HED? - Johnsen et al. (1993)

36.0% - - - Pellet Rainbow trout Lanan et al. (1995a)

48% - - - Extruded Rainbow trout Lanari et al. (1995a)

20.8% 48.74% 30.50% Dry diet  Rainbow trout Phillips & Beveridge (1986)
- 78% 22% ns Salmon Enell (1995)

36.8% 28.1% 35.0% Dry diet  Rainbow trout (15.7°C) Oliva-Teles & Rodrigues (1993)
45.0% 32.1% 22.9% - Dry diet  Rainbow trout (21.5°C) Oliva-Teles & Rodrigues (1993)
24.7% 60.3% 15% ns - Hakanson er al. (1988)
36.0% 54.3% - - Dry diet  Rainbow trout Gomes et al. (1993)
23.44%  42.20% 14.40%  20.0% ns Tilapia Beveridge & Phillips (1993)
28% 48% 23% - Dry diet  Rainbow trout Hall et al. (1992)

43.1% 52.0% 5.6% Dry diet  Silver perch (25°C)  (present study) (chapter 6)
29.4% 61% 9.86 Dry diet  Silver perch (30°C)  (present study) (chapter 6)

Ins = not stated; 24D = 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 ef 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 of temperature 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 er al. (1982). However, Cho & Slinger (1979) and Luquet &

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

Effect of fish size and growth rate on nitrogen retention
Nitrogen retention can vary with the size of fish (Pandian 1967; Gerking 1971) or the
growth rate (Brown ef 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 freshwater (Kelly ez 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) 0.17-72 0.07-5.5 0-0.46 Hennessy ef al. (1991)
Norway (g/kg/d) 0.17-0.81 0.05-0.09 - Bergheim et al. (1991b)
Norway (g/kg/d) 0.29-0.49 0.15-0.18 - Bergheim er al. (1951b)
Norway (mg/1) 0.5 - - Bergheim er al. (1991a)
Norway (mg/1) 0.43-0.70 - - Bergheim et al. (1993)
Sweden (mg/1) 0.70 - - Cripps (1995)
N. Ireland (mg/1) 0.531 - - Foy and Rosell (1991a)
U.K.(mg/l) 0.5-5.0 - - Muir (1982)
Denmark (mg/1) 3-20 - - 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 1991a,1991b), stimulated primary production (Makinen 1991)
and resulted 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 (Cambnidge et al. 1986) in
marine waters which caused an offensive odour and resulted in the occurrence of slimy
water (Lancelot er al. 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 & Phillips 1985) resulting in the losses of benthic invertebrates
(Brown ez 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% (Phillips &
Beveridge 1986), and 15.7% (Ackefors & Enell 1990). The nitrogen loading from

aquaculture is in the range of 68-211 kg/t fish produced (Table 1.4.4.).
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Table 1.4.4. Nitrogen loadings (total nitrogen) per tonne of fish production per year

Country Species Culture Diets TN/t Reference

system
Nordic country Salmon Cages ' 78 Enell (1995)
Norway - - - 95-102 Hall et al. (1992)
Denmark Rainbow trout Ponds Dry feed 75 Warren-Hansen (1982)
Poland Rainbow trout Cages Moist diet 90 Penczak et al. (1982)
Sweden Rainbow trout Cages Dry feed 81 Enell & Lof (1983)
Europe Marine fish - 190 Handy & Poxton (1993)
Europe - - - 108.4+47.3 IOA (1990)
UK Rainbow trout - Dry diet 103.8 Phillips & Beveridge (1986)
UK Salmonid - - 123 HRPB (1987)
Scotland Rainbow trout Cage Merican & Phillips (1985)
Scotland Rainbow trout - - 83-104 NCC (1990)
Scotland Rainbow trout Cages Dry feed 99 Phillips (1985)
Japan Yellowtail Cages - 68 Watanabe (1991)
Japan Yellowtail Cages 109 Watanabe (1991)
Japan Bream Cages 211 Watanabe (1991)
Thailand Marine shrimp - - 102.3 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 unutilized nutrient is lost in the pond sediment (Pullin 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 % N released % N accumulated
by fish to environment in sediments
Semi-intensive 11-15 2-6 83
Intensive 21-53 47-49 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 yellowtail 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 utilization and gross
protein retention in rainbow trout (Lanari er 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 ef al. 1993;

Hillestad 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 2045 1.25 47.8 Lanari et al. (1995a)
Extruded diet  28.0 0.89 26.6 Lanari ef al. (1993a)

The type of diet fed to fish could determine the amount of nitrogen load
expected, for example, Japanese yellowtail fed on a moist-pellet reduced nutrient load
by 50% compared to a diet of raw fish. When fish were fed on dry pellets 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 /ib), nutrient load could be lower since restricted feeding gives a
higher nitrogen assimilation efficiency to fish (Usher er a/. 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 ef al. 1995b.). Furthermore,
alternate feeding of high and low protein diets may reduce nitrogen load with
substantial savings of feed cost (De Silva e a/. 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 aquaculture with a

consequential improvement of food coefficient (Enell 1995) (Figure 1.4.2.) .
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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 applied 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 er al. 1991). Food
dispersion by automatic feeders may result in wastes up to 40.5% of food offered
because the food is lécalised, resulting in a few dominant aggressive fish overfeeding
close to the dispenser (Thorpe ez 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 resulting
in the instantaneous release of nutrients from solid waste. Pelleted feeds are relatively
stable in water and therefore may reduce nutrient release to the environment (Hilton ef
al. 1981; Jayaram and Shetty 1981). Feed can be manufactured according to the
feeding behaviour of fish, 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 frequency, 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 of fish (Kaushik er al. 1984). Metabolic 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 will 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 Country Total N TN/TP Reference
Agriculture (t/d) Japan 5.59 18.03 Watanabe (1991)
Domestic wastes (t/d) Japan 3.56 10.47 Watanabe (1991)
Industrial effluents (t/d) Japan 0.60 1.82 Watanabe (1991)
Aquaculture (t/d) Japan 1.49 5.51 Watanabe (1991)
Aquaculture (as % of the total) 13% Watanabe (1991)
Forestry (t/y) Finland 505.5 6.6 FNBW (1981)
Industry (t/y) Finland 3340 32.6 FNBW (1981)
Aquaculture (t/y) Finland 240 4.0 FNBW (1981)
Aquaculture (as % of the total) 4% FNBW (1981)

v/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; Lall 1991) and
the rate of absorption from water is also low (Phillips ef al. 1956). Fish must
effectively absorb, mobilize and conserve phosphorus in order to meet the

requirements for growth and metabolism, (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 often
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 unavailable 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; Enell 1987; Folke and Kautsky 1989; Ketola 1990; Bratten 1991; Foy
and Rosell 1991b; Lall 1991).
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Digestibility and bioavailability of phosphorus

The digestibility 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
availability of phosphorus. Salmonids utilize phosphorus from fishmeal more
effectively than do carp or tilapias (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 ef al. 1979). The phosphorus requirement 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 % Phosphorus in diet Reference

Rainbow trout 0.7-0.8 Ogino & Takeda (1978)
Channel catfish 0.8-1.0 Ogino & Takeda (1978)
Channel catfish 045 Lovell (1978)

Carp 0.5-0.6 Watanabe et al/. (1980)
Path of phosphorus 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 of phosphorus to the environment was reported to be via
faecal pellets (Solberg and Bregnballe 1982; Enell 1987; Kristiansen and Hessen 1992;
Pillay 1992; Kibria ef 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
(Enell 1987; Ackefors and Enell 1990; Enell 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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biological processes (Lall 1991) (see also Figure 1.3.1) The 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 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 instance, in
noble crayfish (4Astacus 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 corn glute;n based diets, had significantly lower phosphorus excretion in
comparison to herring meal diets (Ballestrazzi ef al. 1994) and this may be related to
the lower phosphorus content in corn gluten. Lall (1991) reported that both the quality
and quantity of food fed may determine the amount of phosphate excreted by fish. The
dissolved phosphorus excreted by fish is one of the end products of carbohydrate, lipid,
nucleoprotein and phospho protein metabolism (Cho 1993). The form of phosphorus
consumed by fish will affect the amount of soluble and particulate phosphorus excreted

(Lall 1991).

The peak of phosphate excretion is related to feeding and activity periods and
can vary cyclically (Hennessy ef al. 1996; Kibria ef 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 phosphorus 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 and 1987b). Therefore, improvement of FCR is vital to reducing
phosphorus pollution from aquaculture. In addition, digestibility of feed, nutrient
content of diet, the protein : energy ratio in the feed, and the feeding technique may

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

Phosphorus retention

Phosphorus retention can be affected by the source of phosphorus into the diet. For
example, monobasic calcium phosphate and monobasic sodium phosphate were found
to be highly digestible and resulted in the highest phosphorus retention in channel

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

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

Materials Net P retention Reference

Monobasic calcium phosphate 94% Lovell (1978)
Monobasic sodium phosphate 90% Lovell (1978)
Dibasic calcium phosphate 65% Lovell (1978)
Fishmeals 40% Lovell (1978)
Comn and wheat middlings 25-28% Lovell (1978)
Soybean meals 5--54% Lovell (1978)

The supplementation of fish feed with phytase reduced phosphorus excretion
and improved phosphorus retention in carp (Schafer ef al. 1995). Phosphorus retention
was found to be significantly higher in trout and sunbass with a decreased level of
dietary phosphorus content (Brown et al. 1993; Ketola and Richmond 1994). Nose
and Arai (1979) reported that phosphorus from nonskeletal sources is highly available
to fish. Few data however, are available on phosphorus retention in fish, but these

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

15.3).
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Table 1.5.3. Phosphorus retention in different fish species

Species P retention (%) P in feed /source Reference

Salmon 14-22% - Ketola (1975)

Rainbow trout 64-68% - Ogino & Takeda (1978)
Rainbow trout 33% - Ketola and Harland (1993)
Sunshine bass 69-87% 0.34-0.54% Brown et al. (1993)
Sunshine bass 40-50% 0.64-1.04% Brown et al. (1993)

Carp 30.4-47.1% 0.73-1.16 Schafer et al. (1995)

Coho salmon 14-22% - Ketola et al. (1991)
Channel catfish 39-40% Menhaden & anchovy meal Lovell (1978)

Silver perch 24.5%-49.1% 1.16%-1.31% Present study (chapter 7) &

Kibria er al. (1997¢ accepted)

Phosphorus retention efficiency varies according to species, feeding habits,
diet, growth rates and amount of phosphorus in the diet (Ketola ef al. 1991; Ketola
and Richmond 1994) and the amount of phosphorus 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] (Brown et al. 1993)

The Phosphorus discharge/phosphorus pollution load to the environment 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 Rosell 1991a). In order to determine the phosphorus
retention in the carcass, growth, survival and feed conversion data must be determined
initially. Next, phosphorus concentration must be analyzed in feed, fish carcass,
uneaten food and faeces. Finally the amount of soluble and particulate phosphorus
discharged in water should be determined using the following phosphorus 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
Harland 1994).

Table 1.5.4. gives an account of phosphorus retention and path of phosphorus

loss from aquaculture of different species. It shows that the main path of phosphorus
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loss in aquaculture is via faeces, therefore it is essential that the digestibility of

phosphorus is improved to reduce phosphorus pollution from aquaculture.

Table 1.5.4. Phosphorus retention and phosphorus losses in fish (as feed fed basis).

[-—Path of P loss—]

P Retention Faecal P Non-faecal P Total P excretion Diet Reference

40.8% 39.2% 22.1% - HND! Cho (1993)

- 77% 23% - - Enell (1995)

34.7% - - 65.3% Nomal diet Schafer et al. (1995)
45% - - 55% Diet+phytase Schafer et al. (1995)
36.4% 54.5% 9.1% - HED? Johnsen et al. (1993)
14.6% 58.80 26.60 Dry diet Phillips & Beveridge (1986)
30% 70% - Hakanson et al. (1988)
49.1% 33.6% 17.3% - Dry diet Present study (chapter 7)

0 T o
Phosphorus pollution from aquaculture

Phillips and Beveridge (1986) estimated that 85% of phosphorus fed to fish was lost to
the environment. The rate of phosphorus loss in different commercial aquaculture
species is reported to be mostly in 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 phosphorus loss since a much higher phosphorus
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 of phosphorus loss rates (TP kg/t fish produced/year) in aquaculture

Country Species Culture Diets kgit Reference
system
Nordic Salmon Cages 9.5 Enell (1995)
Norway Atlantic salmon Ponds - 9.0 Ibrekk (1989)
Denmark Rainbow trout Ponds Dry feed 11 Warren-Hansen 1982
Poland Rainbow trout Cages Moist diet 23 Penczak et al. (1982)
Sweden Rainbow trout Cages Dry feed 13.5 Enell & Lof (1983)
Finland Rainbow trout Ponds - 183 Sumari (1982)
UK Rainbow trout Ponds - 15.7 Solbe 1982
UK Rainbow trout - Dry feed 27 Phillips & Beveridge (1986)
Scotland Rainbow trout Cages Dry feed 27 Phillips (1985)
N. Ireland Rainbow trout Tanks Diet (herring meal)  25.6 Foy & Rosell (1991a)
Italy Rainbow trout - Extruded diets 6.63 Lanari et al. (1995b)
Italy Rainbow trout . Normal pellet 7.2 Lanari et al. (1995b)
Usa Rainbow trout - Dry feed 21 Ketola (1982)
USA Rainbow trout Jars - 10-15 Ketola (1991)
Canada Brown trout Tanks HND 6.0 Cho et al. (1991)
Thailand Shrimp Ponds - 13-24.4  Phillips et al. (1993)
Thailand Shrimp Ponds - 476 Briggs & Funge-Smith (1994)
Indonesia Carp - - 902+90.4  Costa-Pierce & Roem (1990)
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Phosphorus as an indicator of water quality

The phosphorus 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/l total
phosphorus (Warren-Hansen 1982) and 0.1 mg/l 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/l) (mg/)

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 phosphorus pollution 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, or
passed out in the faeces (Beveridge 1987). Most animal and inorganic sources of
phosphorus are readily available to fish (Ketola 1990). Ketola (1982) reported that the
source of the phosphorus significantly influenced the retention as well as loss rate; for
example, defluorinated rock phosphate (DRP) resulted in good growth of rainbow
trout with a reduction of 46% in phosphorus discharge (Ketola 1985) in comparison to
dicalcium phosphate (Ketola 1991). Additionally, the bioavailabilty of dietary
phosphorus is influenced by the digestibility of diet, particle size, interaction with other

nutrients, feed processing and water chemistry (Lall 1991). Salmonids utilize
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phosphorus from fish meal more efficiently than do carp (Yone and Toshima 1979)

whereas availability of phosphorus to tilapia is low (Watanabe ef al. 1980).

Phosphorus release from food and faeces

The primary source of phosphorus losses in aquaculture is in particulate form such as
faeces and uneaten food. In general, about 30-60% of phosphorus losses by fish will be
permanently accumulated in sludge (Persson 1988). The release of phosphorus from
food and faeces (solid waste) to the environment depends on physico-chemical
characteristics of the environment such as pH, temperature, oxygen, turbulence and
microbial activity (Persson 1988). Phosphorus release from fish food was observed to

be accelerated in acidic rather than in neutral or alkaline media (see Chapter 8)

Overcoming phosphorus pollution from aquaculture

Fish farm effluents -can increase phosphorus 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 phosphorus
requirements are species specific it is vital that phosphorus be provided in feed at a
level that maximizes growth of fish but minimizes pollution of the environment. 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 phosphorus discharge to the environment
compared to normal feed (Bohl ez al. 1992). However, although aquaculture has been
identified as one of the point sources of phosphorus pollution, phosphorus 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 phosphorus pollution, the following are important as suggested in Kibria ez
al. (1996b).

1.

2.

Estimation of phosphorus balance of species under aquaculture (Ketola 1991 );

Feed composition and type (e.g., extruded feeds are more digestible and
generate less dust and solid waste and also result in better FCR (Warren -
Hansen 1982; Matty 1990);

Feeding techniques (e.g. avoiding overfeeding and adjusting feed amount and
frequency to the culture temperature) (Seymour and Bergheim 1991);

Formulation of diets to meet nutrient requirements and proper choice of dietary
ingredients (Kaushik 1992);

and

Reduction of phosphorus levels in feeds without affecting growth, feed
efficiency, health and reproduction (Lall 1991; Kendra 1991), in this regard fish
meal may be partially replaced by other low phosphorus protein sources to
reduce phosphorus content of diet (such as with soybean meal) (Bergheim and
Asgard 1996). In Nordic countries phosphorus levels in feed has been
progressively reduced which resulted in a reduction of phosphorus pollution

by 85% (Figure 1.5.2.). Additionally, improvements in diet digestibility may
further reduce phosphorus 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 Barlow

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 ef al. 1993; Allan ef 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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Figure 1.5.2. Reduction of phosphorus content in fish feed by Nordic
countries during 1974 to 1994. This has resulted in a reduction of

phosphorus pollution by 85% with an improvement of feed coefficient

(data from Enell 1995).
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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 aresult 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 Rosell 1991a,
1991b; Handy and Poxton 1993; Lanari ef al. 1995a.,1995b). There is a need to reduce
the feeding and metabolic waste from 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 1s 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 although 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 alternative 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 alternative feed in the aquaculture of silver perch;

3. To analyse the quality and quantity of solid 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 phosphorus retention by silver perch and phosphorus 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 solid waste;

7. To evaluate the effect of salinity on growth and pollution load of silver perch.
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GENERAL MATERIALS AND METHODS

The Australian native fish silver perch Bidyanus bidyanus (Mitchell 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 phosphorus pollution from
aquaculture of silver perch. Fractionation of nutrient content in solid waste and the
release of nutrients from 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 silver perch fed on zooplankton. Experiments
were also conducted on growth and nutrient load by silver perch at O salinity, 4

salinity, 8 salinity and 12 salinity.

Experiments on the biological growth of silver perch and on the production of
solid waste, phosphorus 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 of fish 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 acclimatized 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 (30 x 16 x 17 cm) and the water in aquaria was
maintained at the required temperature by heating water with thermostatically
controlled heater in a large tank (70 x 60 x 30 cm) in which small aquaria were placed.
Fish were subjected to a short salt bath ( 10g1"1) for 60 minutes 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% phosphorus respectively. The main objectives of this study
was to quantify the waste load from aquaculture of silver perch according to the
protocols outlined 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 aquaiculture 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 collect, and any number of replicates may be used.

Domestic tap water was used after dechlorination with recommended
conditioner (Sera Aquatan). For all experiments, the water quality 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 mg1-l, and the hardness between 80-100 mg1L.
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 filter 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, crude protein, crude fat, carbohydrate, mineral
matter or ash,) of diets, fish and zooplankton were determined following 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 (%) = i fr mple - Weigh mple x 100
Weight of fresh sample

2.1.2. Crude protein determination

Crude 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 (H,SO,). 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 allowed to cool
and after cooling, deionized water (Milli-Q-H,0) 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 salicylate reagent {(sodium nitroprusside [(Na,(Fe(CN)sNO)2H,0)] + sodium
salicylate  [(C4H,(OH)COONa)]} and 1.0 ml of cyanurate reagent {(sodium
dichloroisocyanurate (C,N,0,Cl,Na.2H,0) + 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

Crude 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 crude fat was calculated using the following formula :

Crude 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 until the residue was free of organic matter
(New 1987). It was cooled in a desiccator and weighed using an analytical balance.

The ash (%) was calculated as :

‘A—sh(%) =  Weight of ash x 100 (New 1987)
Weight of sample
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2.1.5. Carbohydrates

The carbohydrates or nitrogen free extract (NFE) was calculated by the difference
between the dry matter of the sample and the sum of the determined crude protein,

ether extract and ash :

NFE : 100 - crude protein (%) - crude fat (%) - ash (%) (Lanari et al. 1995a).

2.1.6. Phosphorus determination

Samples for analysis of phosphorus were digested following 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)(NH,)(Mo-0,, x 4H,0) + conc.
sulphuric acid [(H,SO,4)], + Milli-Q-H,0)]}. After mixing, 8.8 ml of Milli-Q-H,0 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 phosphorus was calculated as follows :

Phosphorus (%) = Absorbance - Blank x A x 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 from

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 (%) 91.80 90.12 88.99
Crude protein (% DM) 53.00 45.00 36.00
Ether extract (% DM) 06.92 08.50 04.96
Ash (% DM) 13.06 09.84 13.00
N-free extract (% DM)! 27.02 36.66 46.04
Nitrogen (%) 08.48 07.20 05.74
Phosphorus (% DM) 01.31 0l.16 01.28
Gross energy (MJ/Kg DM)?2 19.89 20.28 18.40
Digestible energy MJ/kg DM)?  17.24 17.34 15.39
DP:DE (g/MJ] DM) 30.74 25.95 23.39

1 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).

3 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 : A feed for fast growing warm water silver perch fry until juveniles reach 5g in
weight. A concentrated diet high in vitamins and energy.

Ingredients : Fish meal, blood meal, soybean meal and fish oil

Feeding rate : 3% of body weight.

Diet - 2

Feed type : An extruded dry diet of semi-floating crumble for feeding juveniles until silver
perch are about 6 cm long

Ingredients : Grain cereals, and cereal by-products, fish, meat and meal by-products, whole

' grain legumes, methionine, vitamins, minerals and natural organic acids.

Feeding rate :  twice per day, 3% of body weight.

Diet - 3

Feed type : For silver perch (0.5-15g), 2mm crumbles are recommended for 0.5-15g silver
perch,

Ingredients : Grains, grain by products, soybean meal, fish meal, blood meal, synthetic amino
acids, fish oil, vitamins, trace minerals and an antioxidant.

Feeding rate: 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.
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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
Essential-amino acids
Arginine (Arg) 2.91 2.42 2.08
Histidine (His) 1.79 1.29 1.06
Isoleucine (Iso) 1.97 1.66 1.54
Leucine (Leu) 4.68 325 2.98
Lysine (Lys) 4.20 2.65 2.23
Methionine (Met) 1.18 0.80 0.84
Phenylalanine (Phe) 2.59 1.86 1.60
Threonine (Thr) 2.32 1.68 1.43
Tryptophan (Try) 0.59 0.43 0.40
Valine (Val) 3.18 2.36 1.95
Non-essential amino acids
Alanine (Ala) 2.37 227 2.07
Asparatic acid (Asp) 3.75 3.54 3.19
Cysteine (Cys) 0.57 0.44 0.43
Glutamic acid (Glu) 6.87 6.36 5.54
Glycine (Gly) 3.03 2.03 1.7
Proline (Pro) 3.13 2.03 1.78
Serine (Ser) 2.35 1.88 1.66

Tyrosine (Tyr) 1.37 1.17 1.05

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 instruction manual, Tecator (1990). All water

samples were first filtered through a 0.45um membrane filter prior to analysis.

2.2.1. Ammoniacal nitrogen (NH /*-N)
In the flow injection analysis, samples containing ammonium ions (NH,-N) were first
mixed with sodium hydroxide (0.5 M NaOH) which resulted in an alkaline medium

where gaseous ammonia is formed (NH,* + OH -----> NH;(g) + H,0). The ammonia

gas is diffused through a gas permeable membrane into an indicator (N red) stream,
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composed of a mixture of acid-base indicators. A colour change which represented a

shift in pH was measured spectophotometrically at 590 nm.

2.2.2. Nitrite (NO,-N)

The nitrite/nitrate was determined by the ammonium chloride (NH,Cl), sulphanilamide
(C¢HgN20,S) and N-(1-naphthyl)-Ethylene Diamine Dihydrochloride (C;,H,,N, x 2
HCI) method as described in the Tecator instruction manual (Tecator 1990). The
sample containing nitrite (NO,-N) was injected into a stream of ammonium chloride,
which was then reacted with an acidic sulphanilamide and N-(1-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 (NO;-N)

The water samples coiltaining nitrate (NO;-N) were injected into a stream of
ammonium chloride through a cadmium reductor which reduced nitrate to nitrite. The
nitrite reacted with an acidic sulphanilamide and N-(1-naphthyl)-Ethylene Diamine
Dihydrochloride (NED) forming a purple azo dye. This purple azo dye was measured

at 540 nm.

2.2.4. Total nitrogen (NO;-N)

5 ml of potassium persulphate (K,S,0;) solution (prepared following instruction) 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. After cooling the
samples, 0.15 ml of 1 M sulphuric acid, and one drop of phenolphthalein (C,,H;,0,)
solution were added to each sample. The samples were then neutralized with 0.12 M
sodium hydroxide (NaOH) until 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 3--P)

The orthophosphate and total phosphorus in water was determined by the molybdate
[(Mo)(NH,)¢Mo,0,, x 4H,0], hydrazine (N,H¢SO,) and stannous chloride (SnCl)
method as described in the instruction 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 stannous 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 phosphorus determination in order to convert all phosphorus species
to orthophosphate. The samples were then heated for 30 minutes in an autoclave at
200 kPa. The digested— samples containing orthophosphate were then measured

spectrophotometrically as above.

2.3. Cleaning of glassware used for phosphorus and nitrogen
determination

For routine water quality analysis, glassware, centrifugation tubes and plastic
containers were soaked in decon, rinsed three times with tap water and finally two
times with distilled water. For phosphorus and nitrogen determination, glassware had a
light wash with NaHCO, solution, followed by rinsing in tap and distilled water,
soaked overnight in an acid bath containing 6N HCL and washed again with tap and
distilled water (Adams 1990). When necessary glassware was soaked in chromic acid
solution (Na,Cr,0,) (70g1'1) followed by soaking into NaHCO, 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 following the
methods of American Public Health Association (APHA 1989). Where there was a
need for transportation of samples, samples were placed in crushed or cubed ice blocks
before shipment. Samples of faeces, uneaten food, and fish were kept in a deep freezer

at -25°C until 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 in data on the release of nutrients of
ammonium and orthophosphate, nutrient intake vs faecal nutrient lost. The coefficient
of determination (r2) was used to determine the strength of the correlation between
variables and curves were fitted to data as appropriate using Cricket graph-III (version

1.0, Computers Associates International).
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2.6. Formulae used

Apparent net protein utilization final body nitrogen - initial body nitrogen (Jauncey 1982)

(ANPU) amount of nitrogen consumed

Feed conversion ratio (FCR)

weight of feed fed (Laird & Needham 1988)

wet weight gain

Gain in weight or absolute growth = W, - W, (Chiu 1989)

where W, is the final weight of fish
W, is the initial weight of fish

Nutrient retention = (final body nutrient - initial body nutrient) x 100
total nutrient fed (Brown ez al. 1993)
Percentage weight gain = Final average weight x 100 (Ballestrazzi ef al. 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 e al. 1995). It is one of the four principal species of the
Murray-Darling River system and is much sought after by commercial and recreational
fishers (Cadwallader 1979). Although aquaculture is an infant industry in Australia,
interest in 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 ez al. 1996a)

Previous research on B. bidyanus has concentrated on its production (Rowland
and Barlow 1991; Allan and Rowland 1992; Rowland and Allan 1994; and Rowland e?
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 of temperature on silver
perch growth although temperature is known to be a most important factor controlling
growth, metabolic rate, food conversion and the survival of fish and crustaceans
(Farmanfarmaian and Moore 1978; Barlow 1986; Cho and Kaushik 1990). In addition,
the rearing temperature may also determine the amount of solid and soluble waste load
from 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 (Barlow 1986; Maguire and Allan 1992). The silver perch is known to tolerate a
wide range of temperature from 2-32°C (Cadwallader and Backhouse 1983); however

the optimum temperature for growth of Australian native fish and crayfish is not fully
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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 in 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 earlier 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 crumbles/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 following
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 furnace at 600°C overnight, and

carbohydrate calculated by the difference in weight (details 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 called here as a ‘preliminary 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 details are provided in Table 3.1.

Trial 2 : Effects of temperature (20°C, 25°C and 30°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 témperature 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 replicate 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 of fish per aquarium.

Results were analyzed by one way analysis of variance (ANOVA) ora 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.

85



98

P£9 14 14 9 ¢ LIX 91X ¢ 0t [4
879 1 14 9 [4 LIX 91X 0¢ 0t [4
0£9 144 14 9 I LIX 91X 0t 0¢ [4
19 14 14 9 € LIX 91X 0¢ Y4 [4
[44}) ¥ 14 9 [4 LIX 91X 0t §¢C [4
S19 L4 14 9 I LIX 91X 0t S [4
LT9 L4 14 9 ¢ LIX 91X ¢ 0¢ [4
0£9 1 14 9 [4 LIX 91X 0t 0¢ [4
§T9 144 14 9 I LIX 91X O¢ 0¢ [4
(Bur) az1s  juounesn sad yue) 1ad 191p Jod (o) (Do)
Tenur 33e1oAy ysy oN ysy oN S3Ue) ON "ou 91 9ZIS U, amyeradura |, "OU [eU .

'SI91p 331y} U0 pay sapruaAn( yoxad xoAqis yim (J,0¢ pue D0ST Dp07) samyesadurd) JuUsISPTp 331y} Je pajonpuod g-[eLn Surpasgj jo S[1e)ap reyuawadxy °z'¢ aiqel.

ob'l 01 I 01 ¢ LIX 91X 0¢ 0Z-81 I
0PIl 01 I 01 4 LIX 91X 0¢ 0¢-31 I
0ps°l 01 I 01 I LIX 91X 0¢ 0Z-81 I
(3w) az1s Jsunesn rod yue} 1ad 101p 13d (uro) (Do)
renmur 93eIoAy ysg oN ysy oN syue) oN ‘ou 1917 az1s yue], amyesadura "ou [eu ]

"S121p 3any} uo paJ safruaan( yorad 1dApIs Yl (D007-81) drmesadurd) urool je pajonpuos [-[eLn 3urps9j o s[relsp eyuswLadx gy ‘I'€ dIqe L



Chapter 3 : Effect of temperature on growth

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 significantly 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
[nitial average weight (mg) 1540 1,140 1,440
Final average weight (mg) 1,980 1,600 1,830
Average gain in weight (mg) 440+192 460+222 390+502
Percentage weight gain 29+1.402 404220 27+1.702
Specific growth rate (SGR) 1.05+0.072 1.41+0.03% 0.99+0.042
Food conversion ratio (FCR) 2.97+0.062 2.24+0.10° 3.20+0.042
Protein efficiency ratio (PER) 0.69+0.0212 0.99+0.07° 0.89+0.062
Survival (%) 100 100 100

Values are mean+SE; n=10.

Values in the same row with common superscripts are not significantly different (P>0.05).

Trial 2 : Effect of temperature

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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Chapter 3 : Effect of temperature on growth

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 gain in weight compared to fish
fed diet-1(53%) or diet-3(36%) although statistical analysis did not reveal any
significant differences in gain in weight of fish fed the three diets (P>0.05). The result
obtained showed a trend that at all temperature diet-2 consistently achieved a slightly
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 results of this study have indicated 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 ef 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 increase 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 result 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 of temperature (Hepher 1988; Jones 1991) and the growth rate is

gradually suppressed at lower and higher of optimum temperature (Cossins and
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Chapter 3 : Effect of temperature on growth

Bowler 1987; Jones 1991). For example, bluntnose minnows, Pimephales notatus
grew faster at 25°C (close to optimum), 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 ef al. 1994; Rowland 1995b; Rowland 1995¢) 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 obtained 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 in 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 ez al. 1996). Similarly, crayfish have shown a poor
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growth in concrete and plastic-lined 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) indicating that the optimum temperature for silver perch

is close to 25°C.

93



Chapter 4

UTILIZATION OF SEWAGE GROWN ZOOPLANKTON :
BIOCHEMISTRY OF ZOOPLANKTON AND THE
PERFORMANCE OF SILVER PERCH FED ON SEWAGE
ZOOPLANKTON




4

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 freshwater fish and prawn. It has
been extensively used in the rearing of larvae and fry (De Pauw ef al. 1981; Tay et al.
1991). Both live (Dabrowski 1984; Alam ef al. 1993) and frozen zooplankton (Brett
1971, Sargent et al. 1979) have been used in the rearing of finfish and crustaceans.
Previous research has demonstrated that fry 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 ef 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 Australia. 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
alternative protein source in the culture of fish. Silver perch is an Australian native fish
of high aquaculture potential and represents the main native freshwater aquaculture
industry in Australia (Kibria e al. 1996a). Zooplankton are the major natural food of
young and adult 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
published 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
Werribee Sewage Treatment Lagoons (WST). The WSTL is located 35 km southwest
of Melbourne, Australia. The zooplankton utilize algae from 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 zooplankton 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 multipurpose 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%) and M. australiensis (50%) DAP+MOI

5 D. carinata (33.33%) + M. australiensis (33.33%) + Commercial diet (33.33%) DAP+MOI+CON
6 D. carinata (50%) + Control (50%) DAP+CON

7T 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 light
regime was 12 h light and 12 h dark. Fish were fed on either frozen single zooplankton
(D. carinata | 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 (HNO,)
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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Chapter 4 : Sewage zooplankton biochemistry & performance

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 from 1.11-1.14%.

Table 4.3. Proximate analysis of control diet and zooplankton (Daphnia carinata and Moina
australiensis) harvested from the Werribee Sewage Treatment Lagoons.

Dry diet (control) D. carinata M. australiensis

Crude protein (%) 45.00 £ 1.50 54.34 +2.83 64.80 + 1.48
Crude fat (%) 08.50 + 0.49 07.29 +0.03 07.73 + 0.06
Crude 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
Nitrogen (%) 07.20 +0.50 08.69 +0.31 10.37 +0.17
Phosphorus (%) 01.16 + 0.08 01.14 +0.02 01.11 +£0.01
Digestible energy «ealkg!) 5273 5250 5700

DE/P @ xear'ly 117 97 88

Values are mean+SE; n=3;
2Gross 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.100-8).

Commercial diet D. carinata M. australiensis

Essential-amino acids

Arginine (Arg) 2.42 3.37 3.01
Histidine (His) 1.29 1.65 1.37
Isoleucine (Iso) 1.66 2.60 2.67
Leucine (Leu) 3.25 5.22 494
Lysine (Lys) 2.65 3.35 334
Methionine (Met) 0.80 1.46 1.13
Phenylalanine (Phe) 1.86 2.52 2.67
Threonine (Thr) 1.68 2.86 2.79
Tryptophan (Try) 0.43 0.71 0.76
Valine (Val) 2.36 3.27 3.56
Non-essential amino acids

Alanine (Ala) 2.27 3.23 3.77
Asparatic acid (Asp) 2.42 4.70 5.12
Cystine (Cys) 0.44 0.71 0.60
Glutamine acid (Glue) 6.36 6.39 6.57
Glycine (Gly) 2.03 2.48 2.59
Proline (Pro) 2.03 2.20 2.36
Serine (Ser) 1.88 2.82 2.62
Tyrosine (Tyr) 1.17 2.14 2.38

Performance of silver perch fed on zooplankton

Silver perch fed on the control diet (treatment-1) and on D. carinata (treatment-2)
resulted in a higher specific growth rate (P<0.05) compared with the SGR of fish from
among the seven treatments (Table 4.5.). The gain in weight resulting from 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 : Scwage zooplankton biochemistry & performance

Effect of different feeding regimes on the chemical composition of fish

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 lipids 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 Health 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 negligible and there was no significant difference

among treatments (P>0.05).

DISCUSSION

The proximate analysis of zooplankton harvested from 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 ef 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 freshwater zooplankton (Vijverberg and Frank 1976). Both
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Chapler 4 : Sewage zooplankton biochemistry & performance

D. carinata and M. australiensis are the dominant species at the WSTL and could be a
valuable source of protein for use in 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 lipid
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 freshwater 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 of D. carinata and
M. australiensis, was ﬁot analyzed in this study. However, Nichols et al. (1993)
reported appreciable levels of both EPA (eicosapentaenoic acid) and DHA
(docosahexaenoic acid) of zooplankton harvested from 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 ez a/. 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

s€ason.

Phosphorus is an important element for growth and food conversion of fish and
dietary phosphorus is the main source for fish (Lall 1991). Proximate analysis showed
that both species of zooplankton harvested from the WSTL contained a desirable level
of phosphorus (1.11-1.14%) (Table 4.3.). Creswell (1993) and Watanabe ez al. (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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Chapter 4 : Sewage zooplankton biochemistry & performance

contain higher phosphorus and that this fact may be related to the efficient nitrogen
and phosphorus removal capacity by zooplankton in wastewaters (Kawasaki ez al.
1992). The WSTL is also nutritionally enriched, therefore D. carinata and M.
australiensis harvested from 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 from 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 (Wataxiabe 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 in 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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Chapter 4 : Sewage zooplankton biochamistry & performancs

The performance results obtained (Table 4.5.) indicate that silver perch may
have a preference for D. carinata over M. australiensis although further 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 in 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 results obtained from feeding of fish 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 Moller 1984;
Kamler ef al. 1992). Herring and trout offered frozen copepods assimilated more than
90% of the dry matter in zooplankton (Sargent er al. 1979). Fish fed on frozen
zooplankton were found to be healthier (Sargent ez al. 1979), resulting in good growth
and survival in aquaculture (Dabrowski ef 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 Walther 1988). This
current study indicates that silver perch has a higher affinity for D. carinata over M.
australjensis and performed equally to commercial diet. Furthermore, the species and
their origin (Watanabe er al. 1978), and seasonal changes in the biochemical
composition in zooplankton could influence their nutritional value to fishes (Sadykhov
et al. 1975, Jeffries 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 ef al. 1979)
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Chapter 4 : Sewnge zooplankton biochemistry & performance

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 resulted in the higher PER. It is
noteworthy that silver perch fed sewage grown D. carinata showed encouraging
performance results as demonstrated by the significantly higher SGR, FCR, PER,
APNU values over M. australiensis but these results 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 ef 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 zooplanku_)n (Lukowicz 1979). Future research should be conducted on
part or full 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 (Spenelli 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 from the Antarctica) than
fishmeal. Carp were found to have accumulated more protein and lipid when fed on
krillmeal than on artificial diet (Pffener 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 results of present study are comparable with

previous studies conducted by Spenelli (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 indicate that
zooplankton from the Werribee Sewage Treatment Lagoons may be safe in the culture
of fish and other aquarium species though further possibly seasonal investigation would

be essential.

It is concluded that zooplankton from the Werribee Sewage Treatment
Lagoons (WSTL) are rich in protein, essential amino acids, lipid, and phosphorus
content. Moreover, silver perch performed significantly better with 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 alternative 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 from
feeding and metabolic activities of fish (Beveridge et al. 1991; Beveridge and Phillips
1993; Costa-Pierce 1996). The concentration of suspended solids derived from fish
farms is an important and basic measure of effluent quality (Cripps and Kelly 1996).
Knowledge of solid waste production is essential to control possible aquatic pollution
(Merican and Phillips 1985) and to design proper guidelines for an ecological

sustainable aquaculture programme (Cho et al. 1991).

Production of solid waste from aquaculture varies between different systems of
rearing and fish species (Albaster 1982; Beveridge 1984), for example, waste loss
could be substantial from cage aquaculture amounting about 5-40% of food fed
(Merican and Phillips 1985; Phillips and Beveridge 1986). Faecal output from 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). Solid waste contains nutrients
(nitrogen and phosphorus) (Bergheim et al. 1993; Cripps 1995) which may be released
when environmental conditions, 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
Enell 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-Cappell 1982; Merican and Phillips 1985), the
digestibility of diets, food conversion ratio, pellet size (Kilambi ef 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 er al. 1991; Bergheim and
Asgard 1996) and rearing temperatures (Kilambi ez al. 1976) may determine in the

quantity of solid output.

Until now there have been no attempt to study the amount or types of waste
entering the environment from the rearing of silver perch or other species in Australia
(Kibria, ez al. 1997a). This is important since 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 ez al. 1996a).
Moreover, research in Europe and North America demonstrates a strong correlation
between water pollution‘and the loading of solid waste from fish farms (see chapter
1.3, solid waste production). This chapter describes the first in a series of planned
experiments to study waste production from rearing of the silver perch. The objectives
of present rearing trials were to compare the amount of suspended and dissolved solid
waste load from 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 from 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 solids. 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 from 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 x17 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 filtered first
through a fast filter (Whatman 512) and later through a standard 0.45um glass fibre
filter (APHA 1989). The residue retained on both filters 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 solids was used for total
dissolved solids determination following APHA guidelines (APHA 1989). An aliquot
of the filtered 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-C) x 1000 (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 x17 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 si7.< aquarium were allocated 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 Smm hose each morning and each evening to
collect accumulated faecal pellets, and before and after each feed in order to collect
and separate fractions of faeces and uneaten food. Collected faeces and food were
centrifuged (Econospin-Sorvall Instruments) at 2000 r.p.m. for 10 minutes to separate
solids from the liquid (Law 1984; Hajen ef al. 1993). The supernatant was discarded
and solids were dried in an oven overnight at 100°C. Dried samples were pooled to
determine the amount of solid waste (uneaten food and faeces) per diet and per

temperature since sample quantity was small.
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RESULTS

Preliminary experiment at room temperatures

In the preliminary experiment with two diets, diet-2 resulted in slightly higher growth
and feed conversion than diet-1 although the results 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 solid waste production from diet-2
and diet-1 was 350 mg * fish™! and 400 mg - fish™!, respectively but the results were not
significantly different (P>0.05). The dissolved solids produced were 1,647 mg * I"! 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 from that

produced by the fed fish (P<0.05) (Figure 5.1, 5.2).

Solid waste (uneaten foéd and faeces) production at 20°C, 25°C and 30°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 solid 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 from 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 fraction of food (5%) remained 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 solid waste produced at 20°C, 25°C and 30°C were 549 kg - tonne™},
284 kg - tonne™! and 393 kg * tonne™! fish production respectively (P<0.05). Diet-2 fed
to fish resulted less solid waste compared to diet-1 and diet-3 at all 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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Chapter $ : Solid waste production

DISCUSSION

The present trials measured the production of solid wastes from silver perch juveniles
reared in glass aquaria. In the preliminary experiment, diet-2 produced less suspended
and dissolved solid waste (Figure 5.1, 5.2) in comparison to fish fed on diet-1 although
this difference was not significant (P>0.05). Lall (1991) reported that ingredients
containing a high concentration of fibre, chitin and indigestible carbohydrate may
increase the excretion of suspended solids. It has been reported by Asgard ez 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 reduciﬁg solid waste discharge into 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 results 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 25°C and at 30°C (<0.05). At 20°C, a
substantial amount of food (25% of food) offered was uneaten resulting in a higher
solid waste load to the environment. This may be related to lower feed intake at 20°C
compared with the feed intake 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 growing temperature of silver perch is around 25°C. The
feed loss from 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 ef al. 1991). It is further 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 with 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 Slinger (1978) showed that the digestibility coefficient did
not improve with increasing temperature greater than 15°C for rainbow trout.
Interestingly, digestibility of total nutrients by common carp increased with 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™! food fed (dry weight) and higher
in omnivorous/herbivorc;us species (Butz and Vens-Cappell 1982; Beveridge and
Phillips 1993). The faecal production in the current study was 136-222 g - kg™ food
fed and 178-225 g+ kg™! food fed at 25°C and 30°C 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
pellets, which is similar to results of previous researchers (Kendra 1991; Kaushik 1992;
Pillay 1992). The maximum solid waste production obtained with silver perch at 20°C

was 549 kg - tonne'! and the minimum 284 kg tonne-! at 25°C (P<0.05) in the current
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study. Though solid waste production from rearing of fish ranges widely from 289 to
2153 kg - tonne! (NCC 1990), the more reliable estimate appears to be 510+210 kg
solids of each tonne of fish produced (IOA 1990) (see also Table 1.3.2 in chapter 1.3).
The typical example of solid waste from aquaculture of rainbow trout was reported to
be 290-655 kg - tonne'! (Phillips er al. 1990). The solid waste production in the present
study with silver perch is within the range of the reported value. Cho er al. (1991)
reported solid waste production from brown trout (Sa/mo trutta) culture to be 204 kg -
tonne! and suggested that use of high nutrient diet (HND) or “low pollution diet” can
reduce solid load further to 183 kg - tonne! 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 cloée to their optimum temperature may produce less solid output
to the environment. In addition, the restricted feeding strategy adopted here may have
further reduced solid output since a study by Ballestrazzi, ef a/. (1994) demonstrated a
reduction of waste output with restricted feeding in sea bass. Diet-2 fed to fish resulted
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 solids in the water (Johnsen and Wandsvik 1991). To
reduce pollution load from 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 in the preliminary trials, diet-2 gave a slightly 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 addition the present results 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 simple 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 Phillips 1993).

There are few studies on nitrogen pollution from feeding of fish (Handy and
Poxton 1993). Gill excretion and faecal output are the main routes of nitrogen loss
from fish (Smith 1929; Fivistad ez al. 1990). The additional route of nitrogen loss is via
uneaten food or food fine (Bergheim and Asgard 1996). The urinary nitrogen loss in
fish (via kidneys) is minimal accounting for 2-14% (Smith 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,
resulting 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 nitrogen
pollution, the nitrogen content in commercial feed have been reduced in Nordic

countries (Enell 1995).
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The nitrogen pollution from ingested food can be minimized, if adequate
nitrogen 1s absorbed by the gut and a substantial quantity of absorbed nitrogen 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, nitrogen retention is a good indicator of the growth of fish (Gerking 1955) and
is a useful 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 nitrogen losses from aquaculture since studies
made 1n other countries have found a strong relationship between water pollution and

discharge of nitrogen from fish farms (see chapter 1.4, on nitrogen 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 vital to assess dietary
protein utilization by fish (Kaushik ef a/. 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 nitrogen 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 centrifuged at 2000 r.p.m for 10 minutes to
separate solids from the liquid (Econospin-Sorvall Instruments), the supernatant was
discarded and the preéipitate 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 absdrbed into the tissues from the food (nitrogen gain) and

metabolic output (nitrogen loss) :

N balance = N consumed - N retained - N excreted - Faecal N (Hall ef al
1992).

The nitrogen intake of fish was calculated from the nitrogen content of the feed and

amount fed to fish.

Samples were weighed using an analytical balance (Mettler AE 200). Proximate

analysis of fish, and faeces (moisture, nitrogen, fat, carbohydrate, ash and phosphorus)
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was done following AOAC (1990a, 1990b) (see chapter 2 for methodology). The
nitrogen retained in the fish carcass was determined by subtracting initial nitrogen
content in the carcass from the final carcass nitrogen content (Brown er 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 nitrogen losses and nitrogen
retention per diet were calculated following Zar (1984). One way analysis of variance
(ANOVA) were used to compare nitrogen 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 with increase in temperature and was

significantly higher at 30°C (P<0.05) (Figure 6.4.).
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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) (meantSE; n=6).

131




600

% ] Diet 1

500 —

| Diet 2

' 400 — Diet 3

E—

90000 | I

OO I

300 — O H B g_“

NH4-N (ng/g/d)
:5:35;2;1 "I

_l
1]

200 = B

100 —

AP

[ | | | I | I
Siall 5 S e S o ol 5 S
Day

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=0).
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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
nitrogen loss at 30°C was 9.86% whereas at 25°C it 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 259C, 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 259C 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 ef 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; Ballestrazzi et al. 1994), who reported that

post-prandial excretion rate increases rapidly after a meal before returning slowly to
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Figure 6.7. The relationship between nitrogen intake and faecal nitrogen
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Chapter 6 : Nitrogen pollution

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). Ballestrazzi ef al. (1994) found that hourly
ammonia excretion in the sea bass increased with increasing protein level, and that it
was affected by the timing of the meal though there was no significant differences in
nitrogen 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 with silver perch was found to be significantly
higher at 30°C than at 25°C (P<0.05) (Figure 6.4.). Kaushik (1981) and Jobling
(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
results 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 ez 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 ef al. 1995). Indeed, nitrogen excretion in fish can
be used to evaluate the diet (Cho 1993) and the dietary protein utilization (Kaushik ez
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 ef al.
1990), species (Davenport et al. 1990), temperature (Beveridge and Phillips 1993,
Jobling 1981; Kelly ez al. 1994, Rowland 1996), nitrogen intake (Rychly 1980;
Kaushik and Cowey 1991), protein content of the diet (Iwata 1970; Ogino ef al.

1973a; Rychly 1980), quality of diet (Dosdat ef al. 1995; Lanari et al. 1995a),
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protein/energy ratio (Gallagher and Matthews 1987), feeding rates (Dosdat er al.
1995), rearing conditions (Fromm and Gillette 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 gill excretion was 80%-90% (Wood 1958; Sayer
and Davenport 1987) whereas nitrogen loss through faeces was between 10%-20%
(Fivisad ef 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 recipieﬁt 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 ef al. 1993). It is believed 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.
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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 ef al. (1973a),
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 ef al. 1973a; Kaushik 1981; Kikuchi ez a/. 1995) and in general the metabolic
faecal nitrogen excretioﬁ in fish increases with 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 Phillips 1993) whereas in sea bream the loss of nitrogen through faeces was from
5.51t0 13.6% (Porter et al. 1987). Values of faecal nitrogen loss obtained in this study
falls within these reported results. 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 appetite and growth of fish (Brett 1979;
Cossins and Bowler 1987) and these may have resulted to the lower nitrogen retention
at 30°C with 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 ef al. 1995a, 1995b). The nitrogen retention with extruded diets was 46-49%
while with normal diet varied between 35-36.5% (Lanari ef al. 1995a). In the current
experiment, however extruded diet, diet-2 did not result significantly higher nitrogen
retention in silver perch compared to other two diets fed to fish (P>0.05). Therefore,
further experiment may be conducted to see whether diet-2 result significantly better

nitrogen retention when reared for longer period.

A study conducted by Lanari et al. (1995a) demonstrated that the diet which
resulted in better growth and FCR also resulted in maximum nitrogen 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 result in higher nitrogen retention in silver 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 earlier

experiments (see chapter 3; and Kibria et a/. 1997a).

It is concluded that the above experiments on nitrogen 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 30°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
metabolism (Lovell 1978; Ogino and Takeda 1978; Lall 1991). Diets deficient in
phosphorus can suppress the appetite and may lead to the death of fish (Lall 1979).
Since concentration of phosphorus 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 (Phillips e al. 1956), the main source of phosphorus for fish is dietary.

Dietary phosphorus supplied and unavailable to fish will be evacuated from the
gut in the faeces, whilst phosphorus surplus to requirements will be excreted via the
kidney and gills (Forster and Goldstein 1969; Nakashima and Leggett 1980). The
phosphorus released from uneaten food and faeces should be minimized because it
stimulates algal growth or eutrophication in receiving waters (Walker and Hillmann
1982; Lall 1991). Studies conducted in Europe and North America demonstrate a
strong correlation between water pollution and discharge of phosphorus from fish farm
effluents since it can deteriorate the water quality of the recipient water bodies (see
chapter 1.5 for impacts of phosphorus pollution). In order that environmental impacts
are minimized information on the absorption, metabolism and excretion of phosphorus
by cultured species of fish is essential (Lall 1991). There is very limited information
available on phosphorus losses and retention (Kibria ef al. 1996b; Kibria ef al. 1997c.
accepted) and studies are required on phosphorus retention at various stages of

development in fish (Lall 1991).

142



Chapter 7. Phosphorus 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 Kiley 1996) as a result of interest and investments in culturing
this species (Kibria, e 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 of phosphorus 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. Juveniles 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 ef 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. ., 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 similarly 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 collected
each morning using a plastic syringe to record the daily variations in orthophosphate
concentrations with respect to temperature and diet fed to fish. Data were also
collected on the hourly pattern of phosphate excretion for the three consecutive days
of fish fed three diets at 25°C. The food conversion ratio (FCR) was determined and
the FCR was found significantly 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 Harland 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
initial 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 of phosphorus 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 it 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 of fish
The body composition of fish 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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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) (meant+SE; n=18).

* denotes significantly different
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DISCUSSION

In silver perch orthophosphate excretion peaked soon after the first meal, a similar
trend was found in sea bass by Ballestrazzi ef 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, ez 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 Harland 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 Harland (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, Asfacus
astacus reared at higher temperature and Savitz (1971) observed an elevated
phosphorusexcretion in bluegill sunfish, Lepomis macrocephalus at higher
temperature. Therefére 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 259C 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 259C 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, e al
1991), 61-81% in rainbow trout (Ogino and Takeda 1978), 39-40% in channel catfish
(Lovell 1978), 36.40% in Atlantic salmon (Johnsen, ef al. 1993), 33% in rainbow trout
(Ketola and Harland 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 of phosphorus fed to fish (Ketola er al. 1991; Lall 1991). Lanari
et al. (1995a) reported a significantly higher phosphorus retention by rainbow trout on
a diet low in phosphorus. Brown ef 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%
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 very 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 of phosphorus 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 of phosphorus 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
259C (Table 7.2.) may be related to the better phosphorus retention observed at 25°C
and could be an effect .of temperature adopted. Hasan, ef 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, e?
al. 1979), experimental diets and protein level (Ballestrazzi et al. 1994; Haiqing and
Xiqin 1994), and fish size (Brett ez 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
259C 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 solid 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,
p'hosphorus is the limiting nutrient and orthophosphate is the form that is readily
available to plants (Chamberlain 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 ez a/. 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 smail
aquarium (70x60x30cm). The water quality of aquaria was maintained similarly as
described in chapter 2, The total number of fish 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
Smm 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 from 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
(NHf), nitrite (NO,"), nitrate (NO5"), total P and orthophosphate (P05~ ) 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 centrifugation 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
Extraction-1*  Distilled water four times for 90 minutes ~ Water soluble phosphorus

Extraction-2* NH,4CL two times, 120 minutes each Water soluble phosphorus
Extraction-3 NaOH (0.1 mol/l) for 16 hours Fe and Al bound phosphorus
Extraction-4 HCI (0.5 mol/l) for 24 hours Ca bound phosphorus

* phosphorus extracted is directly available to plants.

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) (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 from faeces was determined by incubating 75
mg faeces in 50 ml distilled water in an Erlenmeyer flasks at 25°C for a week
following the method of Pettersson (1988) (number of replicates were four). Water

was sampled everyday using a plastic syringe.

Effect of temperature and pH on the release of nutrients from fish food

300 mg of fish 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
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 ez 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 approprate to
indicate the trend or correlations in data on the release of ammonium and

orthophosphate (Cricket Graph-III, 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-! 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 fraction ranged from
28.8 to 29.0% of the total phosphorus content. Both fish food and fe'leces 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 of phosphorus (orthophosphate) in fish food and faeces (mg P g- !
dry 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 2.57+0.09 1.87 +0.05 1.03 £0.04 0.94 +0.04
NH,Cl- P 1.68 +0.19 1.44 + 0.05 1.46 +0.21 0.94 £0.12
NaOH-P 2.33+0.31 1.68+0.14 1.10+0.17 0.68 +0.25
HCI-P 225+0.14 1.50 £ 0.33 1.00+0.18 0.71+ 0.01

Values are mean+SE.

n=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 diét groups tested (P>0.05). This may confirm that

the main path of phosphorus 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 259C and fed two
diets (mg N g~ 1 DW).

Diet-group Total-N NO;-N NO,-N NH,4-N

1 2590 +0.10 1.92 +0.21 0.71+£0.10 1.71 + 0.04
2 2576 +0.13 1.56 +0.28 0.72+0.07 1.78 + 0.03
1Values are meantSE.

2p=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 growth of bacteria appears to slowed down the release of
phosphate (Figure 8.1.). Ammonium release from faeces was slow and increased

slowly with time (Figure 8.1.).

Effect of temperatures and pH on the release of nutrients

Release of nutrient from 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 259C 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, = ammoniumy].
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at pH 4.0 and incubated at two temperatures for seven days (n=4).
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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).
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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 8.7.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 fraction 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 fraction in a labile
form represented by the fraction extracted by water and ammonium chloride (Table
8.2.). The maximum labile fraction 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 .OO%.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% 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 I:
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1.61 for diet group-1 and diet group-2 respectively (dry 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 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 from 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 frbm 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 ef 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 solid wastes depends upon
temperatures and pH of the environment, being higher at 259C 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 édverse 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 ez al. 1995; Ingram ef 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 Australian 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 recorﬁmended). 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 (O
salinity, 4 salinity, 8 salinity and 12 salinity). Artificial sea salt (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 quahty 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 of fish 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 > 0 4 8 12

Initial average weight (mg) 435 439 459 448

Final average weight (mg) 997 1206 1065 1012

Gain in weight (mg) 56214262 767+16b 606+22¢ 5641243
Relative weight gain 1292 175b 1322 1262
Specific growth rate (SGR) 3.4540.082 4.2140.04b 3.51%0.072 3.39+0.072
Food conversion ratio (FCR) 1.18+0.062 1.09+0.12b 1.1740.062 1.2240.082
Survival (%) 100 100 100 100

TValues are mean+SE; n=6.
2yalues 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 > 0 4 8 12

N ingested (g/kg bw/d) 2.16x0.3 2.16+0.14 2.16+0.24 2.16+0.28
N retained (g/kg bw/d) 0.93+0.012 1.32+0.02b 1.2240.06¢ 0.97+0.032
N released (g/kg bw/d) 1.23 0.84 0.94 1.19

N retained/N ingested (%) 43.15+1.282 61.34+1.630 56.34+4.63¢ 45.12+43.582

Yalues are mean+SE; n=6.
2Values in the same row with common superscripts are not significantly different 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 4 8 12
P ingested (g/kg bw) 0.34740.05 0.347+0.06 0..347+0.03 0.347+0.01
P retained (g/kg bw) 0.157+0.012 0.225+0.040 0.168+0.022 0.16340.042
P released (g/kg bw) 0.190 0.122 0.179 0.184
P retained/P ingested (%) 45.42+0.412 65.00+3.6 48.36+3.532 47.00+2.362

"Values are mean#SE; n=6.
2Values in the same row with common superscripts are not significantly different from each other (P>0.05).

174



Chapter 9 : Effect of salinity on growth & nutrient retention

DISCUSSION

The results show that weight gain, specific growth rate and food conversion ratio were
higher in saline water than in freshwater. The best performance was achieved at 4
salinity. (Table 9.1.). Smith and Thorpe (1976) reported a faster growth of trout in salt
water than in freshwater. A better survival and growth of silver perch larvae and
juveniles were also found in slightly saline water (6 salinity) by Guo ez al. (1993).
Ingram et al (1996) reported a good survival and growth 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 from 2 to S salinities than in
freshwater (Stickney 1991), for example, channel catfish at 5 salinity (Burnside ez 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 ez 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
freshwater (Murai and Andrews 1973). Coho salmon also resulted 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 results of Otto (1970) and Murai and Andrews (1973).

There was no mortality of silver perch reared at different salinities. The better
growth of silver perch in slightly saline waters may be related to inhibition of diseases
in saline environment (Guo ef 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 fry (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
healthier 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 er 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 salinit);. 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 ef 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 from 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 from aquaculture of silver perch.

Biological growth of silver perch fed on commercial 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 of fish 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).

Results 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-28°C (Rowland ef 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 useful 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 limiting 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. Results 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
Phillip Bay by the Melbourne Water Authority. During 1995-96, an average of 40-84
kg/h zooplankton was harvested from WSTL (source : Zootech Private Research
Group, 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 of fish 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 useful to investigate the seasonal
variation in protein, lipid and other mineral contents of zooplankton, to investigate
ways to minimize the loss of nutrients from frozen zooplankton, and to study the
removal of the indigestible chitinous fraction from zooplankton. All this information 1s
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 solids (P>0.05). In the second experiment,
a higher solid output was obtained at 20°C and the lowest solid output at 25°C from
the rearing of fish 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 30°C>259C>20°C. Fish fed on diet-2 consistently
produced less solid waste output among fish fed on three diets at 20°C, 25°C and
309C. Fish reared at 25°C produced significantly lower solid waste output. The
estimated solid waste at 20°C, 25°C and 30°C were 549kg - tonne’!, 284 kg -

tonne'l__énd 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 'rean'ng 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 ef a/. 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.
Results 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 freshwater habitats from 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
259C (P>0.05). The daily ammonia excretion in the culture of silver perch was
significantly higher at 30°C than at 25°C (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 results 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 per'ch shows that culture of fish at their optimum temperature may
enhance nitrogen retention and result in a reduction in the discharge of nitrogen to the
environment. 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 growing 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°C it was 24.5%.

Results 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 ez al.
1992; Cho 1993; Johnsen et al. 1993), type of diet (Ketola and Harland 1993; Matty
1990), and temperature (Kristiansen and Hessen 1992; Ballestrazzi er 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 fractioned to reveal nutrient composition
of solid waste from silver perch (Chapter 8). The fractionation of phosphorus 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
fraction 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 fractionation results obtained here were similar to the composition
results reported by Pettersson (1988) on phosphorus fractionation and Kristiansen and

Hessen (1992) on nitrogen fractionation 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 from silver perch faeces, a similar pattern
was also reported by Pettersson (1988) in rainbow trout faeces. The release of
nutrients from 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 limited. 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 alternative 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 stuay 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 20-30°C to determine the

exact optimum temperature of silver perch;

II. 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 aquaculture;
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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 aﬂ‘ecting- the release of nutrients from sediments

containing silver perch wastes;

r

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 Aguabyte section of Naga have
come under a new management. The outgoing NTAS Coordinator and Editor of Aguabyre Dr. 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, alf 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. N'TAS encourages young scientists to publish
their research results in Aguabyte along with those of the Specialists.

MYV, Gupta

Aapecte of Phosphorus P-ollution
from Aquaculture

Golam Kibria, Dayanthi Nugegoda, Paul Lam

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
__Inwater may indicate presence of

 pollution as it may accelerate plant -

growth (Beveridge 1987) and dis-
rupt the aquatic ecosystem thefeby
benefiting certain species and al-
tering species diversity in affected

0

and Robert Fairclough

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). Studies 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
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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; Enell 1987,
Folke and Kautsky 1989, Ketola
1990; Bratten 1991; Foy and
Rosell 1991a; Lall 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
1 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
inthe 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 et al. (1990) estimated
that 85% of phosphorus fed to fish
was lost to the environment. In a
study made with native Australian
silver perch (Bidyanus bidyanus),
Kibria et al. (1995) demonstrated
that phosphorus loss from aqua-
culture can vary with temperature,
being higher at a lower tempera-
fure (95% lost at 20°C) versus (80%
lost at 25°C). The phosphorus loss
rates of different commercial
quaculture species is reported to
be mostly between 9 and 40 kg of
fish production (Table 1). The feed
. pecould also determine the level
°f phosphorus loss since a much
higher phosphorus loss could re-
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Fig. 1. Flowchart of origin of phosphorus in aguaculture from feeding.

Table 1. Comparision of phosphorus loss rates (kg fish produced) in aquacul-
ture. :

Phosphorus
Country  loss (kg/1) Species Culture method Reference
Denmark 11.0 Rainbow trout Ponds Warren-Hansen {1982)
Finland 18.3 Rainbow trout Ponds Sumari (1982)
UK 15.7 Rainbow trout Ponds Solbe (1982)
N. Ireland 25.6 Rainbow trout Tanks Foy and Rosell (1991b)
Norway 2.0 Adantic salmon Ponds torekk {1989)
USA 10-15 Rainbow trout Jars Ketola (1991)
Poland 23 Rainbow trout Cages Penczak et al. (1982)
Norway 13.5 Rainbow frout Cages Enell and Lof [1983)
UK 27 Rainbow trout Cages Phillips (1985)
Spain 39.2 Rainbow trout Ponds Tarazona et al. {1993}
Canada 6.0 Brown trout Tanks Cho et dl. (1991)

sult if trash feed is supplied to fish
compared to dry and moist feed
(Warren-Hansen 1982).

Quantification of
Phosphorus Loss from
Aguaculture

The phosphorus loss/pollution
load to the environment 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 1991b).
In order to determine the phospho-

rus retention in carcass growth,
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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
(P) discharged in water could be
determined using the following
phosphorusbalance equation:

P discharged in water = P supplied as
feed - (P deposited in body tissues +
P in uneaten food + 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

y=0.070x + 0.396

O

r?=0.972

Fig. 2. Relationship
between the food con-
versian ratio (FCR)
and average phaos-
phorus loss rate per
tonne of silver perch
(Bidyanus bidyanus)
production. The
lower FCR value ob-
tained at 25°C when
good growth s
achieved and FCR at

20°C when compars-
! |

L | | I
10 20 30 40

Nutrient loss rate (kg/t production)

tively poorer growth
resvlited (Kibria et al.
1995).

50 60

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:

assess the quality of freshwater
aquatic environment (Table 2).
Based on this, it appears that
effluents from fish farms and
hatcheries will be of degraded qual-
ity since the discharge from fish
farms and hatcheries are reported

The amount of P present per ton of feed

The amount of P discharged (as solid and
dissolved) to environment

Yalues at different FCR

ATFCR 1.0:1, the amount of P present per
ton of feed

AtFCR 1.5:1, the amount of P present per
ton of feed

AtFCR 2.0:1, the amount of P present per
ton of feed

Elosses to environment

8FCR1.0:1 —> (17.0-3.57) —>
afCR1.5:1 —> (25.5-5.35) —>
#FCR2.0:1 —>  (34.0-7.14) —>

b

[f P retention is 21%, the amount of P retained

1 000 kg x 0.017 kg= 17.0 kg
17 kg x 0.21= 3.57 kg

non

17-3.57 = 13.43 kg/t of feed fed

= 1000kgx0017kg=17.0kgP
=  1500kgx0.017 kg = 25.5 kgP

= 2000kgx0.017kg=340kP

=  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

“mg/1- -dissolved

to contain 0.15 mg/1 total phospho-
rus (Warren-Hansen 1982) and 0.1
phosphate
(Alabaster 1982), which Jeads to the

_possibility of eutrophication in

The phosphorus concentration
at any given time may be used to

2

waterbodies which receive direct
fish farm effluents.
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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 (DRP) 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-
ing and water chemistry (Lall 1991).
Salmonids utilize phosphorus from
fish meal more efficiently than do
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carp (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 (Kibria et al. 1995).

Overcoming Phosphorus Pollution
from Aquaculture

To reduce phosphorus pollu-
tion, the following are important:

1. estimation of phosphorus bal-
ance of species under aqua-
culture (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

‘Bergheim 1991);

4. formulation of diets to meet
nutrient requirements and
proper choice of dietary in-
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Table 2. Criteria for assessing water quality of fresh-
water based on phosphorus level (OCE 1988).

pollution of the envi-
ronment. In this con-

Total phosphorus  Dissolved phosphorus

text, research on the
development of “low

’ (mg/l) (mg/ pollution diets” are of
+Excellent <0.010 <0.008 utmost importance.
~Good - <0.025 <0.020 The nutrient fr
Moderate- <0.050 <0.040 om
Poor . :<0.100 <0.080 - aquaculture can be
S Degroded 7<0.100 <0.080 " minimized by retain-

gredients (Kaushik 1992); and

5. reduction of phosphorus lev-
els in feeds without affecting
growth, feed efficiency, health
‘and reproduction (Kendra
1991;Lall 1991).

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 maximizes
growth of fish but minimizes

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 alternative 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
(Table 3).

Phosphate (mg/l)

phasphate from fish -
food at different pH le-

g | vels. The food was in-
éubated at 20°C far
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Contributions

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 farming 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

*Victoria University of Technology, PO Box 14428,
Melbourne 8001, Australia
* City University of Hong Kong, Kowloon ,

Hong
Kong
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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 Production

(value $000).

Source : O’Sullivan(1994)

Year Native Native
Fish Crayfish

1989-90 2,888 1,599

1990-91 2,913 2,339

1991-92 4,355 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
farming would become a popular aquacul-

a
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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 ef 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 countries. 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 et 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 opportunity
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 DISTRIBUTION

ST

o

A%
Sihver Porch, Aedharmus Meuanas Yabby, Oheraa dessracier
— o,
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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: |.Lake (1967a); 2. Merrick (1980); 3.Lake(1967b); 4. Rowland(1992a);5.Whiteley(1960);6.Backhouse et
al.(1991a); 7.Lake(1967¢);8. Cadwallader(1977); 9.Lake(1967d);10. Backhouse et al,(1991b);11.Kailola et
al.(1993); 12.Llewellyn and Macdonald(1980); 13.Cadwallader(1978); 14.Rowland(1988); 15. Mosig(1982); 16.
Rowland(1992b); 17. Llewellyn and Pollard(1980); 18.Davis(1977); 19.Macleans(1975); 20.Johnson(1988);

21.Merrick and Lambert(1990); 22.0°Sullivan((1992); 23.Mitchell and collins(1989); 24.Jones{19%0).

SPECIES A B CcC D E
Silver Perch  Oct-Dec(1)  M-2 yrs;F-3 yrs(2) T >23.3 C + increase 2-37 C(4) 23-28 C(4)
in water level(3
Golden Perch Oct.-Mar(8) 2-3 years(3), T23.5C 4 38 C(4) 23-28 C(4)
& flooding(9,1) ’
Murray Cod Oct.-Dec(12) 4 years(13,1) T>21C, water level 2-33 C(15) 20 C(4)
nse not essential (3,14)
F.W Catfish Oct.-Dec(l) few at 2 years T 24 C (18) 1-38 C(15) 19-25(1)
most by 5 years(17)
Yabby Oct.-Mar(11) 0.2-0.3 year T>15C (20) 1-38 C(21) 20-23 C (22)
(30-50mmCLX11) increase in daylength 28 C(23)
Redclaw All year(11) 1.0 year(11) WT above 20C & 5-42 C(24) 24-30 C(23)
increment in day length(11)
Marron Sep.-Oct(11) 1-3 years, rise in water temp.(11)  5-32 C(21) 24-30 C(22),
(25-30mmCLX11) 24 C(11)
F G

Silver Perch

Golden Perch

50,000 (1.8-2.0 kg)5) omnivore~consists of zooplankton(ostracods),shrimps,small aquatic insects,moiluscs,earth
. worms & plant material(6,7);larvac feed on both phyto & zooplankton(7)

500,000(2.2-2.4kgX3) camivore-mainly crustaceans{yabbies) ,aquatic insccts,molluscs and fish(10). Young
golden feed on zooplankton on recently inundated floodplains(} 19

Murray Cod

30,000-50,000 camivore-adults feed on crustaceans,molluscs,fish, occasionally amphibians

for 1-2kg fish(16) and reptiles(11,14), larval feed consists of copepods,cladocerans(16),

F.W Catfish

18,000(1.25kg)- adults are omnivorous, young cat zooplankton & worms(19),adults camivores & bottom
26,000(2.27kg(3) feeders feed on molluscs & crustaceans(l)

Yabby

1000(large juvenile - filter feeder, adult feeds on detritus,plant material and small invertebrates(23)
female)}11)

Redclaw

300-1000(24) larvae diet includes zooplankton & detritus and adult diet mainly detritus(24)

Marron

40-2400(21) opportunistic scavenger-detritus,plant and animal matenal & aquatic insects(11)
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The Fauna of Tasmania: Mammals
by R.H. Green

Publisher: Potoroo Publishing, Launceston, [1994].
Paperback, 15 x 22 cm, viii + 56 pp. and 64 coloured plates. RRP $§14.95

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

Vol. 113 (5) 1996

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 mammais. Giving information on
evolution, relationship[s], identification,
distribution, habitat, abundance, food,
behaviour and breeding. [llustrated with 64
photographs [mainly by the author].
Introductory sections entitled ‘A special
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Pollution from aduaculture
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QUACULTURE IS an important
Aaquatic food production industry

which is becoming popular in
Australia as a result of increasing
demand for fresh 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-
don, 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 ammonia 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

fines

aneaten food]  [fazees]

| particulate phosphorus ]

uneaten food faeces

[ particulate nitrogen |

gill excretion

| dissolved nitrogen |

[ 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

.."
body tissues &}
J el 0 g0 AN 20
3. _: 230

[ dissolved phosphorus |

D main path of phosphorus lost to environment

Figure 1. General flow chart of origin of phosphorus in aquaculture from feeding.
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aquaculture. The native fish silver perch
Bidyanus bidyanyus when reared in dif-
ferent temperatures produced less solid
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 {ractions (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 at 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-
tion 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 quality 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%.7 At the best growth rate the phos-
phorus Jost 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 effluents, 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 1.0 to 1.5 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 from aquaculture.

Conclusion

Our research shows that growing of fish
at optimum temperature may reduce the
solid and nutrient load to the environ-

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 alterna-
tive would be to feed fish according to
demand or raising of fish during opti-
murm 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 environment 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 potental.
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Abstract

The native silver perch Bidyanus bidyanus has good potential as an aquaculiure species in
Australia. Juveniles of this species (1.14-2.13 g) were reared in glass aquaria at room tempera-
tures (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 | 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 resuited 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 system and is much sought after by commercial
and recreational fishers (Cadwallader 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

IPaper presented at the Fourth Asian Fisheries Forum, 16-20 October 1995, Beijing, China.
ZPresent 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
(Barlow 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 Methods

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 farm 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
dechlorination with an appropriate conditioner (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 fingerlings) 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 600°C overnight, and carbohydrate by difference in weight.
Gross energy of diets was calculated using kilocaloric 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 369%,
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 growth 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 trials 1 and 2 conducted at room temperatures (18-20°C)
with silver perch juveniles. Trial | tested three diets, while trial 2 tested two diets. Both experi-
ments ran for 28 d.

No. Average
Trial Temperature  Tank size Diet No. No. fish/treat- initial
no. (§(®)] (cm) no. tanks/diet fish/tank ment size_(mg)
1 18-20 30 x 16 x 17 1 10 1 10 1,540
1 18-20 30x 16 x17 2 10 1 10 1,140
1 1820 © 30x16x17 3 10 1 10 1,440
2 18-20 30x16x17 1 10 1 10 2,000
2 18-20 30x16x17 2 10 1 10 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 1 and 2 only.

Diet 1 Diet 2 Diet 3
Protein 53.00 45.00 35.89
Fat (%) 06.92 08.50 4.96
Carbohydrate (%) 27.02 36.66 46.15
Ash (%) 13.06 09.84 13.00
Nitrogen (%) 08.48 07.20 05.74
Phosphorus (%) 01.31 01.16 01.28
Fiber (%) 01.42 03.00 02.00
Dry matter (%) 91.80 90.12 88.99
Moisture (%) 08.20 09.88 11.01
Digestible energy (Kcal-kg'!) 5,027 5,273 4,851
DE/P (Kcal-kg'!) 95 17 135
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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-I'l. One-third of the water was exchanged daily. Each aquarium was
siphoned once every morming to collect uneaten food and feces (solid waste)
using a 5-mm hose. Collected solids were filtered first through a fast fiiter
(Whatman 512) and later through a standard 0.45-um 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 following 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) :In w, - Inw, x 100
d (Caird and Needham 1988; Chiu 1989)

where, In = natural logarithm; wt = average final weight;
w, = 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, mi (APHA 1989)
where A = weight of dry residue + dish,(mg);
= weight of dish, mg :

Results were analyzed by one-way analysis of variance (ANQVA) or a
2-sample student t-test using an 1BM-compatible MS Excel program. The level
of significance was set at 0.05 for all statistical 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 growth rate and
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food conversion of individual silver perch

fed three diets and reared at room temperatures for 28 d in trial 1.

Diet | Diet 2 Diet 3
Average initial weight (mg) 1,540 1,140 1,440
Average final weight (mg) 1,980 1,600 l,830
Gain in weight (mg) 4404 19! 460422 390+50!
Percentage gain in weight 29-+1.40 4042.22 27+1.70!
Specific growth rate (SGR) 1.054-0.07 1.4140.032 0.99_-—1;—0.04'
Food conversion ratio (FCR) 2.9740.06! 2.2440.102 3.20+0.04}
Protein efficiency ratio (PER) 0.69+0.02! 0.99.+0.072 0.89:+0.062
Survival 100 100 " 100

!Values are mean+SE; n=10.

2Values 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. 3. Mean dissolved solids (+-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 with 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 p

; 240
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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 requiremnents 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 maximum growth
of B. 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°C.), and at this temperature fish must be less
active resulting in poor food intake, and consequently produced more solid
wasle. 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 phosphorus and nitrogen pollution from rearing
of silver perch.
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Abstract

The fish food and faeces were fractioned 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 ammonjum 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 of phosphorus and nitrogen was higher at higher temperatures. The maximum release
of phosphorus 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 of the 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-
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ly are limiting nutrients in seawater (Boyd, 1990).
Fish farm effluents containing phosphorus and nitro-
gen have been reported to have caused eutrophication
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 essential 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,
until 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 composition of nutrients and 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 fingerlings (0.50-
0.68 g) were fed on two commercial 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 aquanium. 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 agquaculture 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 (NO;), nitrate (NO3"), total P and
orthophosphate (PO3") 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 overnight for 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 Erlenmeyer flasks at 25 °C for a week
following Pettersson (1988).

Effect of temperatures and pH on the release of
nutrients from fish food

300 mg of fish 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 °Q)] 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 of the 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 (r2) were determined to find the relationship
between the x and y data points in the fitted data series.
All curves and correlation calculation was done using
Cricket graph-III (version 1.0, Computers Associates
International, USA).
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Table 1. Extraction of orthophosphate from fish food and faeces

Extraction no Extraction methods Extractable phosphorus
- * Extraction-|  Distilled water four times for 90 minutes ~ Water soluble phosphorus
® Extraction-2  NH4CL two times, 120 minutes each Water soluble phosphorus
Extraction-3  NaOH (0.1 mol/) for 16 hours Fe and Al bound phosphorus
Extraction-4 ~ HCI (0.5 mol/) for 24 hours Ca bound phosphorus

* phosphorus extracted are directly available to plants.

Tuble 2. Fractional composition of phasphorus (orthophosphate) in fish food
and faeces (mgP g~! dry weight) (n = 4; mean % s.e.). Facces- | 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
H,0-P 2.57+£0.09 1.87+£005 1.034+0.04 0.94+0.04
NH,Cl-P * 1.68+£0.19 1.44+£005 1.46+£021 0.94+0.12
NaOH-P  2.33 £+ 0.31 1.68£0.14 1.10£0.17 0.68+£0.25
HCI-P 2254+£0.14 1.504+£033 1.00+0.i18 0.7t £0.01

Results and discussion

Fractional composition of phosphorus in feed and
Jaeces -

Water soluble phosphorus varied between 1.87-
2.57 mg P g~} dw in diets. The diet with 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 the
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
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and 3.29+0.29% and 3.21+0.51% nitrogen by weight.
However, they were no significantly 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 Atlantic 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 Atlantic 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 the 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 fascal
P:N ratio show that nitrogen lost through faeces in
silver perch is minimal. Fivelsad et al. (1990) stated
that faecal nitrogen loss could be 10-20% of food fed

to fish.
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Figure 1. The average release of orthophosphate (OP) and ammonium (NH,) 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 NO;-N NO,-N NH4-N
1 2590+0.10 1924021 0.71x0.10 1.71+0.04
2 2576 £0.13 1.56+£028 0.72%x0.07 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 the 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 4.04.4%
of total nitrogen (Kristiansen and Hessen, 1992). Foy
and Rosell (1991a) fractioned nitrogen loadings from
a Northern Ireland fish farm where they estimated that
nitrite and nitrate contributed to about 2.4% of the total
nitrogen loadings to the environment.

Release of nutrients from faeces
There was a rapid and momentary release of phospho-

rus from faeces for the first few days and at the later
part the bacterial growth may have slowed down the
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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 bactena 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 that an efficient and
quick removal of solid wastes is essential if phospho-
rus loadings to the environment are to be controlled.

Effect of temperatures and pH on the release of
nutrients

Release of nutrient from the fish feed was found to
be related to temperatures, and the rate of release
was higher at a higher temperature (P < 0.05). The
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Figure 2. The average release of orthophosphate from fish food at
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Figure 3. The release of orthophosphate from fish food at pH 7.0
and incubated at two temperatures for seven days (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
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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).
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Figure 5. The average release of ammonium from fish food at pH
4.0 and incubated at two temperatures (n = 4).

microbial activity of the environment. The patterns of
phosphorus and nitrogen released observed were sim-
ilar to those recorded by Pettersson (1988). Pettersson
(1988) also reported a much higher phosphorus release
in acidic medium (pH 5.0) and found that the leakage
of ammonium from fish food was temperature depen-
dent. The release of ammonium and orthophosphate
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Figure 7. The average release of ammonium from fish food at pH

1000 and incubated at two temperatures (n = 4).

. om salmon excreta were also higher at higher tem-
Peratures (Kristiansen & Hessen, 1992).

Conclusion

The results show that the main path of phosphorus loss
©lhe environment in the culture of silver perch is via

faeces. The maximum release of phosphorus 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
reshwater fish
and cru;taceans:

Environmental role and
aquaculture potential

ustralia 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, S 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-
dlly believed that the limited number of
fieshwater fish species in Australia re-
flects the long geographical isolation of
the continent.

Because of the rainfall distribution pat-
km in Australia, freshwater aquaculture
Is restricted to the coastal belts, particu-
lally in New South Wales, Queensland,
Victoria and Western Australia.
Thedemand for freshwater and marine
duaculture products has been increas-
Ing by 3% annually since 1980.%” This
ncreasing demand of aquatic foods has
led 0 an increase in activities aiming to
development of new farming areas with
Mew species, and utilization of large off-
shore fisheries. The need to balance the
Potential environmental impact of
%uaculture activities and aguatic food
Production has resulted in a renewed
Merest in freshwater aquaculture. The
Mtive freshwater fish and crustaceans,
aPant from their inherent conservation
Values, represent a huge potential for
%uatic food production. This article re-
Yiews the importance of Australian na-

6

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 MurrayDarling river system.5<%3!
The main threats are dams and barriers,
runoff from agriculture and sewage or
industrial effluents, overfishing, loss of
genetic variability and inbreeding and
introduction of exotic species,@26431
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 ).
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Aquaculture
potential

Aquaculture is a recent addition to the
primary industry (agriculture, live-
stock) in Australia and is expanding rap-
idly.” 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 te three times (Table 3). Thisrise
1s attribdted to the increased interests
and investment in growing silver perch.

Recent reviews of the status of
aquaculture in Australia®*3ss73604¢
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 technigques
are well established. In addition, there i
local as well as overseas demand for
these species, and their profitability 1n-
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dex is attractive. The four fish in this
category are found in MurrayDarling

| 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-

tarinatus) and marron (Cherax tenui-
manus). There are over 100 species of
Australian freshwater crayfish® but
these three have the most promise be-
tause their biology and culture technol-
08y are well known.

/-\‘mong the native fish, the silver perch
(Bidyanus bidyanus) has the greatest
potential for aquaculture in Austra-
82739 f£ollowed by the golden
perch, Murray cod and catfish.®
Based on production, marketability
d profitability, silver perch and red-
;Iaw appear to have the best prospects
0t aquaculture development. Gener-
illy, the aquaculture potential of a spe-
Yes depends mainly on its market de-
Mand. However, the characteristics re-

quired for profitable aquaculture should
be compared with growth and produc-
tion performance of the 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 others. Anexample
of a scheme for evaluating the 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 the 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.*®

Biolog
and culture

Silver perch

The silver perch (Bidyanus bidyanus)
is endemic to most of the MurrayDar-
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ling river system except the higher alti-
tudes.“? The natural distribution of sil-
ver perch along with other 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 2
wide range of temperature, 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 |80 mm in two years
time,!"® and specimens of 350410 mm
(0.75kg~2.5 kg).*» are commonly
caught.B®Y
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Table 1. Current status of native fish species in Victoria.

Status

Species

Extinct
No longer found in the wild

Endangered
Immediate danger of extinction

Vulnerable

Species can move into endangered category

soon

Potentially Threatened

Species currently not endangered.

Vulnerable, but could be at risk

Indeterminate

Species endangered/vulnerable
or potentially threatened

W N =

N —

O 0 K~ W

N -

. Assiz's chanda perch (Ambassis agassizi)
. Southern purple-spotted gudgeon (Mogurunda adspersa)

. Trout cod (Maccullochella macquariensis)

. Brown gataxias (Galaxias fuscus)

. Freshwater herring (Potamalosa richmondia)
. Ewen’s pigmy perch (Nannoperca variagata)

. Freshwater catfish (Tandanus tandanus)™™
. Macquaria perch (Macquaria australiasica)

. Tasmanian mudfish (Galaxias cleaveri)
. Silver perch (Bidyanus bidyanus)™™

. Murray cod (Maccullochella peeli)™”

. Australian grayling (Protoctes maraena)

. Australian bass (Macquaria novemaculeata)
. Broad-finned galaxias (Galaxias brevipinnis)

. Dwarf galaxias (Galaxiella pusilla)

. Spotted galaxias (Galaxias trutraceus)
. Pouched lamprey (Geotria australis)

. Golden perch (Macquaria ambigua)™

N oo g bW

N -

~N o QW

. Yarra pigmy perch (Edelia obscura)

. Cox’s gudgeon (Gobiomorphus coxii)
. Striped gudgeon (Gobiomorphus australis)

. Freshwater hardyhead (Craterocephalus stercusmuscarum)
. Lake Eyre hardyhead (Craterocephalus eyresii)

. River blackfish (Gadopsis marmoratus)

. Flat headed galaxias (Galaxias rostratus)

. Mountain galaxias (Galaxias olidus)

**Potential aquaculture species

Sources: Cadwallader,('®) QCE(1988), Koehn & Morison(1990)

Flooding is essential for natural
spawning of silver perch."'” The eggs
ae 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."'*349 Males become
Mature in their second year (233 mm)
and the females mature in their third
years (340 mm). 3" Fish often die after
Spawning."™ The pre-spawning activi-
Wes of silver perch have been discussed

38

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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!
shn'mps‘ (Macrobrachium spp., atyids),
yabbies, chironomid larvae, aquatic in-
sects, earthworms; molluscs, filamen-
tous algae, and aquatic plants (#4357
Some consider the silver perch to be the
only species in Austrahia with tremen-
dous potential for aquacultre, and 1t
is one of the four fish in the MurrayDar-
ling River system'™ that are much
sought after by commercial and recrea-
tional fishermen. Several characteristics
make silver perch un ideal species for



nible 2. Rating of native fish and cra
score (1-10) for each characteristic.

yfish based on aquaculture characteristics.*

i known

Characters Silver Golden  MurrayCo FW
Perch Perch d Catfish Yabby Redclaw Marron
tinbe cultured legalty _ 8 8 8 10 9 9 g9
flagy, feeding, breeding behavior & distribu-
9 7 5 9 9 9 9
sycaived market valua 755 =g o} 5 6 8 8
assibility of captive breeding ’ 8 8 8 9 9 9 9
:mx::;i hfgh population densities in artificial 8/ 7 = 8 9 7 o
E:Efcee:genﬁgge?\t:' readily availabie cheap 9 5 7 9 9 9 9
Tale vér); well i _~ I‘ : 7 : ' 8 - 9 9
fi lo marketable size in les%l than a year 9 / 8 | 8 9 6 6 6
iceppearonce .. V. T SLES e 8 5 7 7 7
fiod processing and storage characteristics 8 8 8 8
Auishin moderate or slow water fiow rates g g 8 8
rF‘sun’sh in moderate levels of dissolved ST et i 8 6 5 3
Vipsand moderate levels of dissolved ammonia 7 7 7 5 08 6 6 o
Vﬁmstqu variat/iqr}in. pH and salinity ) 7 : 8 7 7 8 8 S}
elent charateristics of nutrition & health;, e BE . ‘

E-;m_e_gf omega 3 & omega 6 fafty acids. - 8. 0 8 5 2
gﬁ; érj; ;:Obr;nr?/?s.when prepared for hu- 8 8 8 9 9 9 9

ss ﬁrfﬂwout gqisqnéu.fz__& dnpég_laﬂgé_gle”b;t;. : i : 10 ,, 1 O ‘ 10 : £D : |
e T SO : o i *
IR S N
s aggression and cannibalism 7 9 ’ 7

rap(ed from O’Sullivan.(sn Merrick and Lambert,“? and Smith(84

wulee: rapid and uniform growth
towded conditions;'** ability to
both plant proteins and meat meal
tl\ftly,“’ low production cost; high
ndity; ready acceptance of low-pro-
I diet, 128889 066d growth in
0 ponds,*'# tolerance to high
Kratues,*) omnivorous feeding
L™ schooling characteristics of ju-
|€)S and adults,®™ and small head
_ nd high market demand to cul-
“Australia and nearby Asia. The
.as0ns contributing to the decline
ver perch populations in its natural
::Le: 2) competition for food from
m:td gyprlnld.s. especially
S carpio, predation by the Eng-
“‘gﬂ; Perca fluviatilis, and the
drier to upstream migration

h by the construction of dams,
i also.altcred' the flow and thermal
% of the rivers."™ About three

million fry are produced annually to
stock farm dams and natural waters used
for recreational fishing.®? The current
stocking densities in earthen ponds is [0
000 fingerling/ha managed with aera-
tion and 5000 fingerlings/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
(617 hectares).®"

Golden perch

Golden perch (Macquariaambigua) is
highly prized by anglers. [t 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.1“"
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 of

Farm Production

Farms Value ($000)
Species Re%’j"e' Productive State 1988/89  1991/92  1988/89  1991/82  198&/89 1991/92
Freshwater Native Figh " 55 231 43.9 173 4345
Sivar perch 42 vIC
73 NSW
<10 SA
39 QLD
Total silver perch I 26.6
Golden perch 33 ';1 NSW
0 SA 6.1
21 QLD
Total golden perch
Murray Cod 8 QLD 11.0
FW catfish QLD
[Freshwater Crayfish SRR SAFERTL 07283 0 5400 >47.0 171.8 >764 2235 |
Yabby 67 14 NSW
150 vic
250 2
Total yabby 33.41
Redclaw 37 4 NSW
90, 113 QLD
80,50 QLD
Total redclaw 39.90
Marron 19 1 NSW
150 SA
10 QLD
Total marron

Information obtained from various sources
Murray cod

The Murray cod (Maccullochella
peeli) is one of the largest freshwater
fish in the world. The largest cod ever
cught weighed 113.5 kg (1.8m) and
%as a 1.8 m in length. Specimens of
20-40 kg are regularly captured by fish-
¢men. They are found naturally in most
of the MurrayDarling River system
(Figure 1) and prefer habitats containing
focks, timber, stumps, clay banks or
Overhanging vegetation. Sexual matur-
yisreached at the age of four."*" The
$pawning season extends from October
 December'“> and spawning occurs at
WCprovided there is a slight run off of
¥ater into the pond. The eggs are de-
mersal and adhesive and are laid in hol-
low logs or other substrates.“!27 The

$pecies spawns naturally in earthen
pondst)

80

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 of the Murray Darling
River system and in the streams of the
east coast from Sydney to Rockhamp-
1on.* 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 nést of about 0.7 m in diameter
and lays demersal eggs wheih 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
infand Australia and are farmed com-
mercially in Victoria, Western Austra-
lia, South Australia, and New South



Wales." There are five distinct varie-
lies of yabby,"™ and all inhabit wrbid,
slowflowing shallow waters.?® Jyve-
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, (2232
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 thdn 40g).®
Yabby are currently produced’in shallow
ponds, and dams in South Australia are
comonly used for yabby culture, from
where productton 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
daylength tend to trigger spawning.
Zooplankton and detritus are the main
food of larval redclaw®® while adults are
detritivores.® Both survival and growth
are influenced by temperature, and the
best growth can be achieved at 28°C%¥
when the dissolved oxygen level is above
5 mg/L.®® The species can tolerate salin-
1y up to 12 ppt.%? For backyard redclaw
culture, a series of small swimming pools,
1 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-
emes, and fast-growing on inexpen-
$ive materials. They are non-aggressive
“ompared to other species and are easy
' breed in captivity. and for these rea-
Sons are considered the best of the three
Australian crayfish species (yabby,

marton and redclaw) for culture.?262

The redclaw is being farmed mainly in
the sub-tropical southeast Queens-
land® and Northern Territory™® in
earthen ponds ranging in sizes from 500
mto | 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.%Y Marron
grow slowly, and can not tolerate high
temperature.®® This species has been
introduced to the United States, Zim-
babwe, South Africa, China and Japan
for experimental culture.®® Marron
have been cultured commercially in
earthen ponds in Western Australia for
20.years.®® Other methods being inves-
tigated include intensive rearing of ju-
veniles in individual compartments
housed within a larger tank (“battery
culture™).¥

ulturing species endemic to Aus-

tralia can reduce potential compe-

ttion and pressure from overseas
producers®”. In addition, culturing native
animals can help reverse the decline in
populations of native species, significantly
increase fisheres production, and help to
restore degraded fisheries. Sale of cultured
fish can help meet the local demand for live
fish and reduce reliance on imports of
aquatic foods. Apart from 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 the 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 the freshwater
aquaculre 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 craytish
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is being carried out in several countrieg
including Zimbabwe, US.A.. and J3.
pan. Research on the environmental im-
pacts of native fish and crayfish
aquaculture is essential as discharge of
phosphorus and nizogen may cause eu-
trophication or water poliution in re-
cetving waters. Current aquaculture s
based on monoculture, but polyculture
of native fish and crayfish is an impor-
ant area for ftuture research. Brummett
and Alon'" have cultured Australian red-
claw with nile tilapia (Oreochromis
niloticus), and the results are promising. It
1s important to realize that Australian native
freshwater fish and crustacean species have
enormous significance in the context of
conservation and aquatic food production.
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Abstract

Stlver perch, Bidyanus bidyanus (Mltchell 1838).
were reared In glass aquaria and fed on three
dlets containing 53%. 45% and 36% proteln,
and 1.31%, 1.16% and 1.28% phosphorus,
respectively, in order to Investigate the
phosphorus losses and phosphorus retentlon at
25 and 30°C. The maln path of phosphorus 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 dally orthophosphate output
was observed to Increase at the higher
temperature and was significantly higher at 30°C
compared to 25°C (P < 0.05). Phosphorus
retentlon by stiver perch was significantly better
at 25°C than at 30°C (P < 0.05).

Introduction

Fish requlre phosphorus for optimum growth, feed
efliclency. bone development, maintenance of acld-

© 1998 Blackwell Sctence Lid.

“ase regulation. and lipid and carbohydrate
metaboltsm (Lovell 1978: Ogino & Takeda 1978:
Lall 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 [rom the water (Phillips. Podoliak,
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 vla the kidney and gills (Forster & Goldstein
1969: Nakashima & Leggett 1980). Phosphorus s
pcimarily discharged as undigested matter though
faeces (Kristlansen & Hessen 1992). The phosphorus
released from uneaten food and facces should
be minimized because It stimulates algal growth
or eutrophicatlons In recetving waters (Walker &
Hillmann 1982; Lall 1991). Studies conducted In
Europe and North America demonstrate a strong
relationshlp between water pollution and the
discharge of phosphorus from fish farm efMuents
stnce eMuents can detertorate the water quality of
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the reclplent water bodics (Albaster 1982: Penczak.
Galicka, Molinski, Kusto & Zalewsk! 1982: Foy &
Roscll 1991a, b; Lanarl, D’'Agaro & Ballestrazz
1995). In order to minlmize the environmental
Impact. Information on absorption. metabolism and
excretion of phosphorus s essential (Lall 1991).
There 1s very limited Information available on
phosphorus losses and retentlon. and studies are
needed on phosphoruk retentlon at various stages
of devclopment (Lall 1991).

The stlver perch, Bidyanus bidyanus (Mitchell
1838). is an Australian native fish of the highest
aquaculture potential (Allan & Rowland 1996), and
the industry Is growing raptdly (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 concem on the
environmental Impacts of aquaculture, untll now
there has been no research into elther 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 retentlon by sitver perch.

Materials and methods

The experiment was conducted In the wet laboratory
at the Victorta Unlversity, Melbourne. Victorta,
Australia. Juvenlles of sllver perch of similar size
(average welght 928 mg) were bought from a local
nattve 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 trlals. The Bsh were reared
in small glass aquaria (30 X 16 X 17 cm) at two
temperatures, 25 and 30°C, since the optimal
temperature [or silver perch Is belleved to be In the
range of 23-27°C (Rowland, Allan Hollis & Pontifex
1995). Fish were fed on three commerclal stlver
perch diets (silver crumbles/starter) at the rate of
3% of body welght (as recommended). twice a day
(0900 and 1600 h), 6 days a week for 4 weeks, to
study phosphorus losses and phosphorus retention
In stlver perch. The three diets, referred to as diet
1. diet 2 and dlet 3. contained 53%. 45% and 36%
protein and 1.31%, 1.16% and 1.28% phosphorus.
respectively (Table 1). Four fish were stocked In each
glass aquartum and each diet was replicated In
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Table 1 Proximate compositlon. gross energy. phosphorus
content and digestible energy ralio of experimental dlets

Dlatt Diet2 Dlat3
Dry matter (DM; %) 91.80 90.12 8899
Crude protein (% DM) 53.00 4500 36.00
Ether extract (% DM) 6.92 8.50 4.96
Ash (% DM) 13.06 9.84 13.00
N-lree extract (% DM)' 27.02 3666 46.04
N (% DM) 08.48 0720 0540
P (% DM) 1.31 1.16 1.28
Gross energy (MJ kg™' DM)? 1989 2028 18.40
Digestible energy (MJkg™' DMP¥ 1724 1734 1539
DP:DE (g MJ~' DM) 3074 2595 23.39

1The Nitrogen [ree extract = 100 - crude proteln - ether
extract — ash.

2Gross energy contents of the dlets were estimated by
using values of 0.0236 Mjg protein~?, 0.0395 Mjg
lipid~! and 0.0172 M] g carbohydrate™! (NFE).

3The digestible energy contents of the dlets were estimated
by uslng values of 0.02213 MJ g protein~! (assumlng 90%
protein Is digestible), 0.0356 Mj g lipid~! (assuming 90%
lipid is digestible) and 0.0129 Mg carbohydrate™
(assuming 75% ls digestible),

six aquaria, le. 24 fish per diet per temperature.
Individually, aquaria were fitted with alr stones to
enhance dissolved oxygen content. The water quality
was malntained 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 SA520 Orion), dissolved oxygen by using a
dissolved oxygen meter (YSI model 58, YSI) and
hardness with a test kit (Aquasonic, NSW, Australia).
The required water temperature was obtained by
heating water with a thermostatically controlled
heater In a large tank (70 X 60 X 30 c¢cm) in which
small aquaria were placed. The large tank was
covered with a glass lld to reduce evaporation and
to maintain the required specific temperature. Each
aquartum was slphoned a number ol times every
24 h to collect faeces. Collected [aeces were first
centrifuged at 2000 r.p.m. for 10 min (Econospin-
Sorvall Instruments), the supernatant was discarded
and lﬁ_e—f);eclpltate was dried in an oven (Law 1984:
Hajen. Beames, Hlggs. & Dosanjh 1993). Water
samples were collected each morning using a plastic
syringe to record the dally varlations in ortho-
phosphate concentrations with respect to
temperature and diet led to fish., Data were also
collected on the hourly pattern of phosphate

© 1998 Blackwell Sclence Ltd, Aquaculture Research. 29, 000-000
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excretion for the three consecutive days of fish fed
three diets at 25°C. Food conversion ratlo {FCR)
was calculated by the amount of lood fed/fish welght
galned. The FCR was found to be significantly better
in fish reared at 25°C than in fish recared 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 ZO%Pro'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 difference. moisture by .drylng in an oven at
105°C for 24 h, and ash by burning samples In a
muflle furnace at 600°C overnight. Phosphorus
content in dried food, ish and laeces was determined
following AOAC (1990). The phosphorus retained
in the fish carcass was determined by subtracting
initlal 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 (Tecator 1990).

Mean, standard deviation and standard error of
phosphorus loss and phosphorus gain per diet-were
calculated lollowing Zar {1984). All percentage data
were transformed to arc sin values prior to analysis
(Systat Programme 5.0) using an IBM computer.
One-way analyses of variance (ANOVA) were used to
compare the means of phosphorus loss and gain
using an [BM-compatible Microsoft Excel programme
and setting the significance level at P < 0.05.

————

Results and discussion

Hourly patterns of phosphate production

The hourly patterns ol orthophosphate excretion
are presented In Fig. 1. Figure 1 shows that there
was a rapld 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
signlficantly different between the three diets fed to
silver perch containing 53%. 45% and 36% protein
(P> 0.05). Ballestrazzi, Lanari, D’Agaro & Moin
(1994) also did not find any significant differences
In orthophosphale excretion in fish fed on three
diets contalning 41%. 48.6% and 53.6% proteln.
The peak of excretion In silver perch was observed
soon after the first meal and & simllar trend was
found In sea bass by Ballestrazzl etal. (1994).

© 1998 Blackwell Sclence Ltd, Aquaculture Research, 29, 000-000
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Figure 1 Postprandial patterns of orthophosphate

excrelion by silver perch juveniles fed three diets and
reared at 25°C. There were no significant differences In
phosphate excretion of the three dlets fed to fish (P > 0.05).
The protein and phosphorus content of the three diets are.
tespectively: (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 nonfzeding
levels within 6 h (Solberg & Bregnbalie 1982). Peaks
of orthophosphate excretion are thought to be
related to feeding and activity of fish (Hennessy.
Wiison, 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 vartation of phosphate excretion

Out of the three diets led to fish. diet 2. containing
45% protein, excreted comparatively less ortho-
phosphate than elther the 53% and 36% protein
diets at both temperatures. This could be a resuit of
the slightly lower phosphorus content In diet 2.
although there were no significant differences In
phosphate discharges between the three diets fed to
fish (P > 0.05) (Fig. 2). Nevertheless, fishmeal Is the
only source of proteln for the three dlets which
might have caused non-significant orthophosphate
excretion of the three diets tested. Ballestrazz et al.
(1994) lound that a diet with lower phosphorus
content also resulted In lower phosphorus excretion
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Figure 2 Day-to-day variation In orthophosphate

excretion by silver perch juveniles fed three diets and
reared at 25°C. There were no significant differences In
the phosphate excretion of the three diets fed to fish at
25°C (P > 0.05) (mean % SEM: n =6).

N

and they also did not find any significant differences
In orthophosphate excretion In seabass fed on
herring meal based dlets. Moreover, the phosphorus
excretion rate was reported to be aflected by the
type of diet (Ketola, Westers, Houghton & Pecor
1991; Kristlansen & Hessen 1992) and the source
of protein (Ballaestrazzi etal. 1994), phosphorus
(Ketola & Harland 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 (Ballaestrazzt et al. 1994). Similarly.
deflourinated rock phosphate decreased phosphorus
discharges In ratnbow trout by about 40-51% when
compared to other phosphorus sources (Ketola &
Harland 1993). Because diet 2 was an extruded
dlet, this may have caused better digestibility and a
lower phosphorus excretion in sllver perch since
extruded dlet 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 excretlon than fish reared at 30°C
and the excretion rate was signllicantly higher
at 30°C (P < 0.05) (Fig. 3). Kristiansen & Hessen
(1992) reported an Increase in orthophosphate
excretion of noble crayfish, Astacus astacus, reared

ousonit 7
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Figure 3 Day-to-day vartation in orthophosphate
excretion by stlver perch juvenlles 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,
Lepomls macrocephalus, reared at higher temperature.
The FCR Is reported to play a slgnlficant role In
determining the level of phosphorus load expected.
since an increase in FCR value rom 1.0 to 1.5 may
Increase phosphorus load to about 86% for total
phosphorus (Stroebakken & Austreng 1987a. b).
The FCR for sliver perch was signlficantly 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 [ceding
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 sliver perch at 25°C. The
average phosphorus retained at 25°C was 49% and
at 30°C It was 24.5% (Table 2.). The significantly
higher phosphorus retention obtalned with sitver
perch at 250°C may have been a result of the
better FCR achleved at 25°C. Moreover. the higher
phosphorus retentlon at 25°C may have been caused
by lower phosphate excretion and lower faecal

© 1998 Blackwell Sclence Ltd. Aquaculture Research, 29, 000-000
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phosphorus losscs obtained at 25°C (Fig. 2, Table 2).
Furthermore, the restricted leeding at 3% food ratlon
may have an aflect on comparallvely lower
phosphorus retentton at 30°C. The reported
phosphorus retention markedly varles between
specles: 14-22% In coho salmon, Oncorhynchus
kisutch (Walbaum), (Ketola etal. 1991); 61-81%
in ralnbow trout, Oncorhynchus mykiss (Walbaum),
(Ogino & Takeda 1978); 39-40% In channel catfish
(Lovell 1978): 36.40% in Atlantic salmon, Salmo
salar L.. (Johnsen, Hillestad & Austreng 1993); 33%
in ralnbow trout (Ketola & Harland 1991): and 69~
87% In sunshine bass (Brown, Jaramlllo & 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% of the 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
phosphbrus loss In silver perch was via faeces.

There was a direct relationshlp between the feed
conversion elficiency and phosphorus load to
environment: the better the FCR the less the
phosphorus load (Enell 1995). Matty (1990)
mentloned 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 199 1a). Therefore,
a good FCR obtained at 25%C may be related to
the lower phosphorus excretlon and lower faecal
phosphorus loss obtained In this study.

Body composition ol fish

The body composition of fish varied by the rearing
temperatures (able 3). and those fish reared at 25°C
had signlficantly higher body protein, ash and
phosphorus content than the fsh reared at 30°C
(P <0.05). This could be related to the better
phosphorus retention observed at 25°C and may be
an effect of optimum growing temperature. The
body composition of fish has been reported to be

aflected by the rearlng temperatures (Brett,
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Shelbourn & Shoop 1969: Singh. Sinha &
Chakraborty 1979: Windell, Foltz & Sarokon 1978).
ration slze {Hulsman, Breteler, Vismans & Kanis
1979). experimental dlets and proteln level
(Ballestrazz et al. 1994: Halqing & Xlgin 1994). and
fish size (Brett etal. 1969). Hasan, Islam & Alim
(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
silver perch at this temperature.

Summary and concluston

The results show that growing of fish 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 dlets at 25°C. Food converston ratlo (FCR)
was calculated by the amount of food fed/fish welght
gained. The FCR was found to be significantly better
in fish reared at 25°C 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 ZO%Pro'xlmate analysis was done
followlng AOAC (1990): protetn was analysed by
the Kjeldahl method (N X 6.25). fat by ether extract
in a soxhlet apparatus (AOAC 1990), carbohydrate
by dilference. molsture by .drylng in an oven at
105°C for 24 h, and ash by burning samples in a
mullle 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 (Tecator 1990).

Mean, standard devlation and standard error of
phosphorus loss and phosphorus gain per dlet were
calculated following Zar (1984). All percentage data
were transformed to arc sin values prior to analysls
(Systat Programme 5.0) uslng an IBM computer.
One-way analyses ol variance (ANOvA) were used to
compare the means of phosphorus loss and galn
using an [BM-compatible Microsoft Excel programme
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 rapld 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 dlets fed to
silver perch containing 53%. 45% and 36% protein
(P > 0.05). Ballestrazi. Lanarl, D’'Agaro & Moin
(1994) also did not find any significant dilferences
In orthophosphate excretion In fish fed on three
dlets containing 41%, 48.6% and 53.6% proteln.
The peak of excretlon in silver perch was observed
soon after the first meal and a similar trend was
found In sea bass by Ballestrazal etal (1994).

© 1998 Blackwell Science Ltd, Aquaculture Research. 29, 000-000
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Figure 1 Postprandlal

patterns  of
excretlon by silver perch juvenlles fed three dlets and
reared at 25°C. There were no significant dllferences In
phosphate excretlon of the three dlets led to fish (P > 0.05).
The protetn and phosphorus content of the three diets are.
respectively: (1) 53% and 1.33%: (2) 45% and 1.16%: and
(3) 36% and 1.28% (mean * SEM: n =3).

orthophosphate

Stmilarly, there was a rapld Increase in ortho-
phosphate concentration soon after the feeding of
trout, which decreased and reached rnonfeeding
levels withln 6 h (Solberg & Bregnbaile 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 excretfon

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 diflerences In
phosphate discharges between the three dlets fed to
fish (P > 0.05) (Fig. 2). Nevertheless, fishmeal s the
only source of protein for the three dlets which
might have caused non-significant orthophosphate
excretion of the three diets tested. Ballestcazz et al.
(1994) found that a dlet with lower phosphorus
content also resulted in lower phosphorus excretton

103



Aquaculture Research, 000-000

Phosphorous In silver perch G Kibria et al.

and body composition of fngerlings sockeye salmon
Oncorhynchus nerka In relatlon to temperature and ration
size. Journal of the Fisherles Research Board of Canada 26,
2363-2394.

Brown M.L.. Jaramillo F.. Jr & Gatlin D.M. {1993) Dletary
phosphorus requircment of juvenile sunshine bass,
Morone chryops male X M. saxtlis females. Aquaculture
113, 355-363.

Enell M. (1987) Environmental Impact of cage fish farming
with spectal referenﬁes to phosphorus and nitrogen.
ICES/1987/FF 44,

Enell M. (1995) Environmental Impact of nutrients from
NORDIC fish larming. Water Sclence 31, 61-71.

Enell M. & Ackefors H. (1991) Nutrlent discharges from
aquaculture operations tn Nordic countries Into adjacent
sea areas. ICES C.M./199/F: 56, rel. MEQC.

Forster R.P. & Goldstein L. (1969) Formation of excretory
products, In: Fish Physlology, Vol. I (ed. by W. S. Hoar
& D. J. Randall). pp. 313-350. Academic Press. New
York. NY.

Foy R.H. & Rosell R. (1991a) Loadings of nitrogen and
phosphorus from a Northern Ireland Fish farm.
Aquaculture 96, 17-30.

Foy R.H. & Rosell R. {1991b) Fractionation of nitrogen
and phosphorus loadings from a Northern Ireland fsh
farm. Aquaculture 96, 31-42.

Haiqing S. & Xlqln H. (1994) Effects of d(etary animal and
plant protein ratios and energy levels on growth and
body composition of bream {Megalopbrama skolkovil
Dybowski). Aquaculture 127, 189-196.

Halen WE.. Beames R.M.. Higgs R.M. & Dosanjh B.S.
{1993) Digestibliity of various feedstulls by post-juventles
chlnook salmon (Oncorhynchus tshawytscha) tn seawater.
I. Validation of technlques. Aquaculture 112, 321-332.

Hennessy MM., Wilson L., Struthers W. & Kelly L.A.
{1996) Waste loadings from two [reshwater Atlantic
salmon juventle farms In Scotland. Water Alr. and Soil
Pollution 86, 235-249.

Hasan M.A.. Islam M.N. & Alqu M.A. (1993) Evaluation
of silkworm pupae meal as dietary proteln source for
catlish (Heteropneustes fossills Bloch). In: Fish Nutritlon
Practice (ed. by S. ]. Kaushik & P. Luquet), pp. 785-791.
INRA, Parls.

Hulsman E.A.. Breteler J.G.P.. Vismans M.M. & Kanis E.
(1979) Retention of energy. protein, fat and ash in
growing carp (Cyprinus carplo L.) under different feeding
and temperature reglmes. In: Finfish Nutrition and
Fishfeed Technology, Proceedings of the World Sympostum
on Finflsh Nutrition and Fish leed Technology. Hamburg.
20-23 June 1978. Vol. I {ed. by J. E. Haivers & K.
Tlews), pp. 175-188. @S\ /C“'(B

johnsen F., Hillestad M. & Austreng E. (1993) High cnergy
diets for Atlantlc salmon. Effect on pollution. In: Fish
Nutrition In Practice (ed. by S. ]. Kaushik & P. Luquet).
pp. 391-401. INRA, Parls.

Ketola H.G., Westers H., Houghton W. & Pecor C. (1991)

© 1998 Blackwell Sclence Ltd. Aquaculture Research, 29, 000-000

266

Effcct of dict on growth and survival of coho salmon
and on phosphorus discharges from a fAsh hatchery.
American Fisheries Soctety Symposium 10, 402-409.

. Ketola H.G. & Harland B.F. (199 3) [nfluence of phosphorus

in rainbow trout dlets on phosphorus discharges in
cfMluent water Transactions of the American Fisherles
Socfety 122, 1120-1126.

Kibria G.. Nugegoda D., Falrclough R. & Lam P. (1996)
Australlan natlve specles In Aquaculture. Victorian
Naturalist 113, 264-267.

Kristlansen G. & Hessen D.0. (1992) Nitrogen and
phosphorus excretion rom the noble crayfish. Astacus
astacus L.. in relation to food type and temperature.
Aquaculture 102, 245-264.

Lall S.P. (1979) Minerals in fnfish nutrition. In: Finfish
Nutritlon and Fishfeed Technology, Proceedings of the
World Symposium on Finfish Nutrition and Fish feed
Technology, Hamburg, 20-23 June 1978, Vol. [ (ed. by

J. E. Halver & K. Tiewes). pp. 85-93. Pu)d..LS\.u' /uX'b

Lall S.P. (1991) Digestibllity, metabolism and excretlon of
dietary phosphorus in fsh. In: Nutritional Strategles and
Aquaculture Waste, Proceedings of the First International
Sympostum on Nutritional Strategles in Management
of Aquaculture Waste. University. of Guelph, Ontarlo.
Canada {ed. by C. B. Cowey by C. Y Chong) pp-
163-185. Eulslisla ey 7

Lanari D.. D'Agaro E. & Ballestrazzi R. (1995) Eflect of
dietary DP/DE ratio on apparent digestibllity. growth
and nitrogen and phosphorus retentlon in ralnbow trout.
Oncorhynchus mykiss (Walbaum). Aquaculture Nutrition
1, 105-110.

Law A.T. (1984) Nutritional study of jelawat, Leptobarbus
hoeventi (Bleeker). fed on pelleted feed. Aquaculture 41,
227-233.

Lovell R.T. (1978) Dietary phosphorus requirements ol
channel catfish {Ictalurus punctatus). Transactions of the
American Fisherles Soclety 107, 617-621.

Matty A.J. (1990) Feeds in the fight agalnst pollutton. Fish
Farming International fJanuary. 16-17. veo L ?
Nakashima B.S. & Leggett W.C. (1980) Natural sources
and requirements of channel catfish (Ictalurus punctatus).
Transactions of the American Flsheries Soclety 107, 617-

621.

Ogino C. & Takeda H. (1978) Requirements of rainbow
trout for dictary calcium and phospharus. Bulletin of the
Japan Soclety Sclence and Flsherles 44, 1019-1022.

O'Sullivan D. (1995} Status of Australian native nflsh
aquaculture production In 1991-92. In: Silver Perch
Culture, Proccedings of Silver Perch Aquaculture
Workshops. Gralton and Narrendera, April 1997 (ed. by

S. J. Rowland & C. Bryant), pp. 5-8. Austasia oL .

Aquaculture for NSW Flsheries. ¢ e ?
O'Sulllvan D. & Kiley T. (1996) Status ol Australtan
aguaculture in 1994/95. gustasla Aquaculture Trade
Dlmclaryé—l 2. vol
Penczak T.. Galicka W., Mollnskl E.. Kusto £ & Zalewskl

107

-



I

Phospharous In silver perch G Kibria ct al.

Aquaculture Research. 000-000

M. (1982) The enrichment of a mesotrophic lake by
carbon. phosphorus and nitrogen from the cage
aqunculture of rainbow trout Salmo galrdneri. Journal of
the Applied Ecology 19, 371-393.

Philllps A.M., Podollak H.A.. Jr. Brockway D.R. & Balzer
G.C. (1956) New York State of Conservation. Department
of Fisherles Research Bulletin, Cortland hatchery Report
25, 20 pp.

Rowland S.J.. Allan G., Hollls M. & Pontifex T. (1995)
Productlon of the Auslrallan freshwater stlver perch.
Bldyanus bidyanus (Mllclllell). at two densitics in earthen
ponds. Aquaculture 130, 317-328.

Savitz I. (1971) Nitrogen excretion and protein
consumption of the blueglll sunfish (Lepomis
macrochirus). Journal of the Fisheries Research Board of
Canada 28, 449-457.

Singh B.N.. Sinha V.R.P. & Chakraborty D.P. (1979} Eflects
of proteln quality and temperature on the growth of
fingerlings of rohu, Labeo rohlta (Hamtlton). In: Finfish
Nutrition and Flshfeed Technology, Proceedings of the
World Sympostum on Finfish Nutrition and Fishfeed

Js | €0 Technology, Hamburg, June 1978, Vol. II (ed. by J. E.
Halver & K. Tiewes). pp. 303-310. L

Solberg S.0. & Bregnballe F. (1982) Pollutlon from trout
feed with minced trash Bsh.:In: Report of the EIFAC
Workshop on Fish-Farm Effluents, Sllkeborg., Denmark,
26-28 May 1981 (ed. by J. S. Albaster), pp. 65-71.
FAO/EIFAC Technical Paper 41, 166 pp. O\ ¢

Storebakken T. & Austreng E. {1987a) Ratlon level of

— et = -

6v°d'\""'\§ o

108

salmonids. 1. growth, survival, body composition and
feed converslon In Atlantlc salmon [ry and fngerlings.
Aquaculture 60, 189-206.

. o
Storebakken T. & Austreng E. (1987b) Ratlon level of S "\‘\"‘Z)O\(‘

salmonids. [I. growth. feed conversion. protein
digestibllity, body composition and feed conversion in
Rainbow trout weighing 0.5-1.0 kg. Aquaculture 60,
207-221.

Tecatorul990) Instruction Manual, The Aquatec System.
Hoganas.[Sweden. ¢ 7

Walker K.E. & Hillmann TJ. (1982) Phosphorus and
nitrogen loads assoclated with the River Murray near
Albury-Wodonga and thelr effects on phytoplankton
populations. Australlan Journal of Marine and Freshwater
Research 33, 223-243.

Warren-Hansen 1. (1982) Evaluation of matter discharged
from trout farming tn Denmark. In: Report of the EIFAC
Workshop on Fish-Farm Effluents, Silkeborg. Denmark,
26—-28 May 1981 {(ed. by J. S. Albaster), pp. 57-63.
FAO/EIFAC Technical Paper 41, 166 pp. o\C

Weatherly A.H. & G H.S. (1987) The Blology of Growth.
Academlc Press. London. _

Windell J.T.. Foltz J.W. & Sarokon J.A. (1978) Effect of size.
temperature. and amount fed on nutrient digestibllity
of a pelleted dlet by rainbow trout. Salmo gairdneri.
Transactlons of the American Flsherles Soclety 107, 613-
616.

Zar J.H. (1984) Blostatistical Analysls. Prentice-Hul,
Englewood Cliffs. NJ.

© 1998 Blackwell Sclence Lid. Aquaculture Research, 29, 000-000

267

CAl (ST



{::;)LLéWKNRHUNAL CENTER FOR LIVING AQUATIC RESOURCES MANAGEMENT, iyC
: MCPO BOX 2631, 0718 MAKATI CITY, PHILIPPINES '

—

5 September 1997

Our ref 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 y
Assistant Editor, Aquabyte - Naga -

Date: Fri, 07 Nov 1997 11:42:00 -0800 (PST)

From: Natalie Macawaris <N.MACAWARIS @ CGNET.COM>
To: Golam Kibria <s9337499 @cougar.vut.edu.au>
Subject: Urgent: query on Article for Aquabyte/Naga

Your article 'Nitrogen Pollution from Aquaculture: Can it be Reduced' will
be published in the January 1998 issue of Naga. In this regard, below are
some queries re the article:

(a) We need the source (journal/book) title for

Iwata, K. 1970. Relationship between food and growth of young crucian carp,
Carassinus auratus cuvieri, as determined by the nitrogen balance.

(b) We need the publishers name and place for

Watanabe, T. 1991. Past and present approaches to aquaculture waste
management in Japan. In Nutritional strategies and aquaculture wastes, C.B.
Cowley and C.Y. Cho (eds.) B

On beh:ftlf.of Dr Gupta, the NTAS Coordina-t-:o-r_,' we would -likg_t—:c—a convey our
appreciation for your continued interest in the activities of the network.

More power to you and best regards.

_ Sincerely, 268

Natalie


mailto:N.MA0AWARIS@CGNET.COM

JOURNAL OF APPLIED ICHTHYOLOGY

Editor in Chief: Prof. Dr. Dr. h.c. Dr. h.c. Harald Rosenthal
Diisternbrooker 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 siiver perch Bidyanus bidyanus

Dear Dr. Kibria,

| 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 | consider it now acceptable for publication in the Journal of Applied

Ichthyology. Congratulations for providing a valuable contribution to aquatic
sciences.

| 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. | assume it will appear in the summer issue of 1998.
You will receive the galley proof pages early in the next year.

Sincerely yours




pueimoy) eysl ¢ jo uononpoid jenuue
ue 2a91yoe 0} Jenuajod ay) sey pue (¢ pue
Z s3jqe]) saindiy uononpoid syt Aq paresis
-uowap se Anunod siyy ur Asnpui ainynd
ysy orwapud 1olew w s1 Juiuuej snuoApiq
‘g (€661 pue|moy pue £3]00D) eisy
pue EljRNSNY Ul 21NN SH JOJ SpUBWIAP
y3iy pue (7661 Aauiedy pue puemoy)
11qey 3u1paaj SNOJOAIUWO (9861 Pie|[od)
sainjesadwa) y3iy Jo soueld|o) (qpe6l
BP661 13NIBM T1661 MO|IEY PUE puBIMOY
‘9861 mojieg) 1aip urajoid-mo| jo
aoueydasoe Apeas pue Apundaj y3iy s0d
uononpoid mof Sit (9661 pueimoy pue
ue[jy) jesw jesw pue suidjosd jueld yloq
JO 3sn 2A1193)J2 SU (€661 Ijjem ‘uoneide
moyiim eyys3uiraduly goQs pue uoneise
yhm ey/Suipaduiy 000‘ol St spuod uayues
ur sansuap 3uIy201s 1WLIND Y1) (9861
prejjod ‘9861 mopjeg) SuonIpuod papmoid
ut y1mo0138 uuojiun pue pides e :aunynoenbe
10J sa153ds [eapl ue snuodpiq ‘g ew
Jeyl $O1SLIdIORIRYD JO JaquInu & 3fe I3y |
(9661 pueimoy pue ue|[y) ainjjnoenbe
10J [enu3jod snopuawal € Yjim eljensny
ut sa1dads 13jemysaly Kjjoym Ajuo ay)
SB PaLJHIUIPI U2IQq Sey snupdpiq snuvdplg
o434 131 Jo aanjjndenby

(€661 SaPP3D
pue 13A[0n)) (S19J1101) 1p10qals puyduvdsy
‘snaopf124)p2> snuotyovag pue (podadod)
sypianyf p}jayd20g ‘(SUBIII0PR|D) DJDULIDD
piuydo(] ‘Danadtu pujoly pastidwod ainy
-|no snupApiq “g sepun spuod uayues woyy
payynuapt uopjuejdooz esnjeu sy (v661
puejmoy 'pg61 epiuiyd§ pue JILLIIW
‘€861 asnoyyoeg pue Japejjempe)
‘e/96 aye7) siuejd snenbe pue ‘oede
SNOJUE|L) ‘SOSNJOW ‘SULIOMYLIBI ‘S]OIsUL
onjenbe ‘seale| prwouoliyd ‘saiqqek
‘(sprhre “dds wniyoviqosovyy) sduiys
sapnjoul pooj IayjQ 'SUBIII0pE[I pue
spooenjso 1935e| ayi Aprejnotued ‘uopyueld
-00Z U0 A]2AISUIIXD PId) ‘sawly je ‘pue
SNOIOAIUWO 3JB yYS1J J[Npe ‘19A3MOH (5661
pue|moy pue uejsinyjl ‘pg61 pue|moy
‘€861 asnoyydoeg pue Jiapej[empe))

suesadope)d> pue spodadod [jews ‘1ijdneu
podados ‘s1ajnos duipnjour uopjuejdooz uo
Ajurew ‘3uiydjey Jajje Aep Yixis ay} wolj
duipaay suels (aeatel) ysyy 3unok sy
s)e)iqeH 3uipaay pue pooy

‘(r861) ePIUIYDS pue
OUIBN Aq PaquIosap uaaq aaey snuvdpiq
‘g 3o samanoe duiumeds-aid syl (p861
EpIWYDS pue YoLIIW) (8% §'7-SL°0) ww
014—0S¢€ 218 ) 3ued Ajjensn $3ZIS UOWWOD
pue (£861 asnoydoeq pue Jape[jempe))
ww 08| 99 pinod 3zis adesaae ay) Juiyojey
Jo s1eak omy uiiem (2661 3ulielS (€861
asnoyydeg pue iapejjempe))) Yysy JAls
-s2133e pue [e11011112) B OS|€ SI Y21ad JIA[IS
(9661 /v 72 wel3u]) sUOBIIUIIUOD }[es
y3iy jo jueiajo) s1 satoads ay) pue (LL61
19pe|jempe))) sialem piqin} A[2Walx?
ul 2a1] ued sINpy (z661 uipelS ‘486l
EPIWYDS pue NILLIN (€861 UAjlamdlT)
wo)joq [9AaeId pue pues ylim 1ajem 3ul
-mO[} 1Se] pue (0861 NI siiam ‘spides
M0[2q Junedas3duod uajjo (0861 AU
‘e/96] 24eT) s[o0oyds 234e] WIOJ SIIU
-aan( pue (q/96] 23eT) 21Yiuaq ale seAle|
YL (€861 asnoydoeg pue lapejjempe))
Dol €-o7C Jo saimeradwa) je sinoy
0f noqe 19)ye sindo0 3uiydey (9L961
ayeq) wwg-z jo Jajawelp yiim d1dejad
ase s333 (0961 A2D1tym) s332 000°00S
01 (0861 AMIIN) 00000 WOy Satiea
sjewsy Jad 832 jo sequinu syl pue y3iy
st Kipunday oyl (LL61 StaeQ) snuvdpiq
‘g Jo 3uiumeds jeinjeu Joj pasinbai
3q 0} 1y3noy) st 3uipool] (€861 SpPjoukay
€861 asnoydoeg pue Jape[empe) ‘0861
NOUIAN ‘LL61 Jape||lempe))) Sidjem ulem
‘mo|[eys ul umuds o} weansdn 3jesdIw
ystyy 2unjew £jjenxas uaym (Aienuef
—10qUWIdAON]) Jowwns up s1nd90 ujumedg
‘(861 asnoyjoeg pue 1apejjempe)
‘qL961 23je]) Suiumeds iayye alp
Kew ysij ynpe ‘12aamoH (p861 epiuyos
pue YOS ‘€861 asnoyyoeg pue
1opejlempe)) (ww Opg) 1834 paiy) 11ay)
ul aInjew s2|eIudj I[iym (ww ¢¢z) I8k
pu0od3s 119y} Ul 2INJBW JWO0I3Q SI[eN

1'0> (eruowtue pasiuoiun) (|/8w) FHN

0> (1/3w) (NV L) usdoniu eluowuwe {ejo |

$6:0L Hd

[NE'23 (1/3w) uadAxo paajossig

87-¢C 0¢-0t (Do) 2injesadwag

J1wo0213 10 wnwndo PIPUIAIWMIWOIIY SI|QBIIB A

(35661 PUTIMOY) ininoenbe Y2134 1DANS JAISUAUL JO) PapuUSULODaI s3jqeleA Aitjenb s3jep ©1 d|QuL

NLeOTIINQTaItacr D

ULe

‘1 2]qe | ut uaAId
a1e snuvdpiq ‘g 10j sivyowered Ajjenb
19)em Juepoduwn 3y (S661 70 12 puemoy
‘96661 pue[moy) Yyimoi3d ui uoionpal
Jueoijiudis e pasned ejuowwe |ejo} [/3w
1°0 1340 jo uonenuaduod B e snundpiq g
Jo ainsodxa paduojold (€661 ueaiing.O
pue ueH ‘0661 pAog) ysy o) sanijeyow
9sned pue ssads Aew WISAS 2unjind ay) Ul
s]2A3| eluowwe 19y3iy ‘(| 3|qe ) eruowwe
JO [2A3] mO] B AJUO 9JBI3}0) UBD Sl I0UIS
‘(FHN) S|aA9] eiuowWwe Y1 g pajojje
2q os[e Aew yimoid ‘osnjesadwa) ay)
woly uedy (45661 PUBIMOY) Do8T—ofT
3q 0} paaaljaq st 23uels ainjeradwd) Yimoid
wnwndo ay) Inq ‘(€861 asnoyyoeqg pue
1opejempe)) DoZ—o0 7 Wodj ‘aInjesadws)
J0 93ues opim e 3)eI3[0) Ued sa1dads sy |
ya43q 13A[1S JO sansiaa)dLIRYD) [RIIF0[0Ig

-a1nj[noenbe Joj uonisodoud sjqeia
© )1 9yew Jey) Sd1SHd)oRIRYD JO 12qUInU €
sey snupdpiq g 2ouls aunjjnoenbe apnjout
1y31w sainseaw yong (p661 pruimoy)
uone[ndod s)1 aseasoul 0) UdNe) Jle SAuns
-eawW ssajun pasaduepuy, 2wo29q Aew
pue (661 uosyoer) saroads  pausjeasyy

Alenualo, & mou st )| "(£861 asnoyyoeq .

pue 1ape|jempe))) snuodpiq ‘g jo uon
-esdiwr weonsdn ay) pajuaaaid jey) swep
JO uUOIONIISUOD Y} pue ‘SiyyvIanyf po43d
yo1ad ys1j3ug ayy £q uonepaid ‘o1duvo
snuraddy died uowwo) 32 spruridLo
paonpotjul wolj pooj 10j uoniadwod
0} anp paosnpat Aj1easd usaq sey uonejndod
S)1 InQ juepunge 20uU0 sem $193ds ay
"(8E81 [IPYIMA) TEYT Ul 121y loweN
Y3 ui 11 1y3neod 3y Joye Ysij 2Y) patueu oym
[12Yyany sewoy | 1olepy 1a101dxa ay) £q
(eS661 pue|moy) uvdpiq sweu jeuiduioqy
3Y) WOlj pPIALIIp OS[E Sem dWeU Dd1J1uI
-19s 3y} pue ‘sauidlioqy 2Y) AqQ pawnsuod
f.
\

‘8uoy] 3uoy "uoojmoy "3uoy duoH jo

Ausiaatun) An) wawuedaq A3ojoig pue Austway)
“eijensny " 1008 SWNOqIPIN “ONONW

'g7ppt Xod Od ‘A3ojouyoa] Jo AJISIaaluf) BUOIIA
" s20u210§ [E2Ipawolg Jo suaunredaq

pue $35U2155 poo J pue |ed1dojoig jo wwaunredaq ,

Kuowwod sem saidads ay 1 (5661 10 12
onn) jelqey JalEmysal) 3yl Wynm sajesdiw
“2'1 ‘sa1oads snowospoureiod e st 1) (¥861
ePILYDS pue NI 0661 70 12 Piejlod
‘8961 23e) Swealls Jo sayseas saddn
y31y ‘1002 ayy uy 1dIdx3 (Y861 EPIWYIS
pue OLUAIN) WdisAs 1aanl 3urjre@-Aeunpy
2y1 Jo Jsow 0} d1wapua si (sepiuodera])
(8€81 112Y2NN) snuvdpiq snuodprg
sn)e)s puk sjeyiqel jeanyeN ‘K10)sty

‘ainjjnoenbe pue £30[o1q Y194
19A[1S uo paystqnd uonjeuuojul juenoduil
3y} || S21e]|02 puk sm21aal saded juds
-a1d 2y ‘sauizedew pue $}00q ‘sjeuinof
JURJDJJIP UL PAIINEDS SI UOTIBWIOJUI SIY) ‘1D
-A3mo0Y ‘ainjjnoenbe pue A3o[o1q snuodpiq
‘g uo suodas swos ale 243y "eiensny
ur Anysnpui aJnjjndenbe 11emysaj d1WspUI
uiew oyl yuasaidas snupAprq g ‘Apjual
-InD ‘pue (€661 puejmoy pue £3[o0n) eISy
Aqieau up pue eljedisny ul yioq Juiseasoul
st sai92ds ay) ajeanno 0y puewsq (85661
pue[moy]) sease AUBW Ul UOWILIOdUN MOU
S1 ysij ay) pue ‘paonpas A1e21d uaaq aey
JduUepunqe pue uoiINQiJISIp SIt INQ WD)
-sKs 19A1y Surpreg-Aeunpy syy inoy3nolyl
peaisdsopim pue juepunqe 22U0 Sem
sa1dads oy (6L61 1ape|[empe))) SIaysy) [e
-Uo1jBaId21 pue [eIdJaWwWwod Aq Jaye 1y3nos
yonuws S1 jey) walsAs 19A1y Juire-Leunjy
2yl jo sa1oads ay) Jo auo si ] (9661
puejmoy pue ue[|y) [enusjod ainjnoenbe
Y31y e yjim saioads d1wapul ueljensny
ue s1 snuodprq snupdprg ysiad 1aA[lS

uonInposuj

(‘8661 ‘ST1 Js1psmipN uDLIOIIIA I ])

"Yosad 19A|1S JO armnoenbe wioly pajessuad sajsem jo Anuenb pue Arjenb ay) pue uononpold yosad
JOA|1S UO BIRP $IPN[OUI OS|B MIIADL 3Y | "sidlem autjes Apy3ifs pue 1ajemysalj ul oueunopad yimoid
‘uoninnu ‘3uipaalq 3uipnjdul aInjndenbe Yyo1a4 IFA[IS JO S193dSE JUIAIP UO PUB ‘SINSLIIIRIRYD
|ea130]01q jupoduus ‘siiqey Suipaaj pue pooj ‘UolINGINSIP [BINJRU S)I JO MIIAIL B SI SIY] "BISY Aqredu
ur uimoid si sa1dads ay) 21mnd 0} puewaIp 3y ‘eijensny ul uononpoid ainjnoenbe I3jemysaly

" a1wapud Jofeur 0) Sunngiuod ysij yuepodwi 1S0W Yy St SNUDAPIq snupdplg Ys1ad JIANIS YL

1eASqY

(e [ned pue y3nojoire uaqoy ‘,epodadnN iyiueke(g 4 eLIQIY Weon

MIIAY V :(oepruoderd]) (8E€8T 11PYIIIA)
SNuvAp1q snuUvAprg ‘4d43J 13A[1S 3o aanjnoenby puv A3ojorg

SLIOIIIIGI 27000 >




e

BLVIL \C) 3L vy

‘[1am se pooj puod |e

-dnieu jo Junes 01 anp Apuatedde 121)9q sem YD.J 1BY) PIUIWWIOI pUR[MOY = , ‘1Y319m APoq = Mg,

(r661) pueimoy, puod L0 20E'1£-0007C %ot %06

(PS661) puejmoy puod €T 00£08-005¢l %€ %S¢

(T661) pueimoy pue ue||y - 101 - %t %S¢
(S661) v 12 pue Moy puod 1-8°1 D0P'8T-00T°El %t % %b %S¢t
(b661) 10 12 pue[MmOY puod 111 20997-0007¢ %$ %St
(eL661) o 1aeqry  euenby L6'T  D00°02-0081 %t %LS
(eL661) i1z euqy  euenby vTC  000°0T-0081 %t %SY
(eL661) qp1aenqiy  eienby 0zt D000¢-008I1 %t %9¢
(1661) puejmoy pue ue||vy yuel £0+b'T  O08°TT-0€°81 uonenes %6V
(1661) pue|Mmoy pue ve||y juel 1'0+L°1  D08°TT-0E'81 uolienes %L 'St
(1661) PUBMOY pUE Ue||V juel 20+0¢€  D08TT-0£81 uonenes %L 0T
wIsAs  amenndwd) Kep/, A0 % (%) 1udjuod

UN0S  un)n) DA 13)EA\J) S BUIPIIY uRoIg

"Yolad 19A1S

30 (YD) oner uo1sIaau0d pooj uo arnjeladwa) Suireas pue ‘spaAd[ udjoid A1Ia1p Jo 199437 *p IqEL

Q1myna Ajsuap 19y3iy 1e ‘19A3m0oH (5661
JD 12 PUBIAOY ‘PS66T PURIMOY) BY/SUUO]
201 29 01 paie|nojed sem 21n3dy uononpoid
[enuue ay1 ‘(eY/Ysy 000‘€y) Ansuap 1ay3iy
© 18 paleal 219m snuodpiq 'g uaym (661
J0 12 puRimOY) spuod usyue? ul BY/000°08
1B ueyl BY/000°'SZ Jo Asuap Juiyools
e 1e 121se] maId K1j snuvdpiq g sy
(36661 pue[moy) sa1vads ayy Jo yimoisd
pue uoisiaauod pooj ‘ainadde ay) s109)je
K12519Ap® 2A0QE PUB D 0¢ 1B 2insodxd
paduojoid ‘H,0z 2a0qe sainmeradwa) ul
19112q m013 snuvdpig ‘g ySnoy)y "SIawuim
Ul 2A1S$2133¢€ $S2| ale pue ), 2A0QR 21N
-erodwa) e 1B A[2A1552183e 189 Snupdplq g
(¢ 2198 ]) (YdIeN-12q012(Q) syluow
ISWIeM Y1 Ul UBY) I19A\0[S AJuedyjIugdis si
a1el Yimoid oy ‘(raquadag—Aepy) syjuow
1uia Juung raimyeradwa) Sunreal ay)
£q pa1d31ye os[e s1 snuvdp1q g Jo Yimoln
Y3134 J3A[IS JO UOIINPOLJ PUE YIMOLD)

(966 1) PUB|AOY PUE UE[|Y Ul UIAID
S1 SnUVAPIq "g UO YdIB3sl [RUONLIINU JO SIS
-doufs v (6861 U013uUIyUy puB UOSIIPUY)
sa112s (9-ug:g]) d13]oul] pue (g-ug:gl)
J1u20ul] 2Y) Yioq JO SPIdB ANej 121p 113y}
ut annbal snupdprq g 1eY) paWIjuod S[eil)
1erawiadxa 1ayuny (pe61 S112qoYy pue
121uny {6861 UOIUIYMY pue UOSIIPUY)
SJ121p JO 1U2]U0d 1BJ 2yl 01 pajejal
Kj19211p sem snuodprq g ui uonnsodap
18) 341 (661 1012 UE||V) SI21p Ul [3A3] A3
-12ua pue urajold Juisealour Yias pasealoul
snuvdp1q g Jo Yimold 1eyl moys ydiym
JO 1INSal 3y} ‘SUOIIBIIUAOUOD ABIJUS pue
utajold 3uikrea Jo $193JJ2 Syl U0 IO paul
-1ed osi{e 219m S21pruS (P661 UBALINS,O)

1p 21qy Y3y € Yilan paj d1dm snuodpiq
‘g uauay painssy syPDJ 100d KidA

FEAIIIRY) ALAOD D

Jusju0d utdjold jueld jo aseardul Yl Yyum
P21RIOLIIAP AN[BA YD Y} PUB ‘PISeaIIIP
snuvdp1q g Jo Yyimoid jeyl punoj osje
21B3sal ‘ISAIMOH ‘[esw ejoued pue uidnj
£Q pamoj[[0] [eaW UBIQAOS Sem 1S9Q IXIU
sy ‘jeaw jnuead woij paurelqo sem ysij
Y1 Jo ymol3d 1s2q ay) pue ‘urdiord Ijqeis
-394 BunsaBip 1e pood s1 snuvdplq g eyl
punoj (a1easal ayJ (p66| pue|moy pue
UB[[Y) [BdW YSY Ylm paulelqo 1Byl ‘uey)
13y3y 1o ‘o) tejiwis si uisjoid 9[qeradana jo
(s.OAV) swaIdijj20 A1jiqnsadip juaredde
2ou1s ‘JuiBeInodud 2B S)NSII pue S)alp
snupdpiq g jo siuaipaidul se (es mo)
pue BaJ pJatq ‘ead o1y ‘suidng) sawngs|
ureid pue (Jnuesq pue ‘paIsuono’) ‘ejoue))
‘ug2qA0S) SPaIIs[to ueljBIISNY JO Isn
3y} UO UIMBMIPUN UIIQ OS|B SBY YdIBISIY
(p 219e L) wi2101d 26y Juiuleiuod 191p
e Juisn snuvdpiq g 3o YD 4 pue yimoid
19y31y Aj2anesedwod punoj (‘eL661) 70 12
BLIQIY] SB2I3YM ([ 661 PUB[MOY puE UB[]Y)
u1a101d JoO S[9A3] 1910 3UIUIBIUOD J2IP B PI]
usym ueyl (YD) oney UOISIIAUOD) POOY]
19119q pamoys uldjold o4 ¢ Juiurejuod
121p © p3J snuvdprq g “Kjaanoadsar 8y/3
9°7Z PUR b Sem J3Ip 92U Y} JO (Pa3)
ui sproe outwe Juniwi] ay3) uonisodwos
JUISA| pue auluUOIYlaW [B)O) Y] °SpIdoe
A1ey o171 pue Iej %G°s ‘uratoid 9,9°c¢
PaUIRIUOD YdIYM SHuUDAPIq g 10] 191p 90U
-19§21 1s11) Y1 padojaasp (Z661) pue[moy
pue ue[|y ‘[el S1Yy] uo paseg -uialoid
9,9¢ Juiuteuod 131p e 3uisn snuvdplq g
JO 21BJ Ylmold 1S21SB) 2yl pauleiqo
(1661) pueimoy pue ue|y ‘(uraoid

%6b PUR %9€ ‘9 1T) PRI SI2Ip [BIUSW
-uadxs 221y) Jo inQO (b661) puejamoy pue
uellv ‘(Z661) pueimoy pue uelv ‘(1661)

[L2

P R SV Y T

molieg pue pue|moy ‘(1661) pue|moy
pue ue[|y 3uipnjdul ‘sioyine jo laquinu e
Aq snupdpiq g jo uonionpouid pue uonnnu
SY) U0 UINBIIIPUN UIIQ SBY YIIBISIY
UOILAINN] Y213 J J3A[IS UO YI18asIY

(S661 Iv 12 pue|moy) Jurysy [euone
-21221 10J pasn SIdjem [BInjBU I2Yl0 pue
swep uuej 3uiy201s 10j 3uipaliq paanpul
Kq Ajjenuue paonpoid are A1y snupvdpiq
g uol[[iw 32143 1n0qy ‘(y861 Pue{mMOY)
OOH /NI 00T sem snuvaprg °g
u1 335 jo a1 Juiydey y3iy e paonpul jey;
OOH Jo 3sop wnwndo 2y, (DdD ‘PuelD
Kennig die)) dieny uowwo) woyy puefd
Keynyd oy jo uonesedard e pue (HDFH
‘urydosjopeuo ) d1UOLIOY)) UBWNE) suowl
-10y [e1oijnde ue Juisn Aq ystj J1wapud
Jo Suipasiq jo uondnpui 3Y) paAjoAuUl
sanbiuyaay 3y, (861 Pue|MOY ‘€861 P I2
pue|MOY]) BIIOIJIA Ul AIDUdjeH pue uonels
YoJeasay Sauayst,] 1ajemysalg 32310 sqous§
Je pue ‘s3jep\ YINOS MIN Ul Yijoq ‘uoyein
‘K19Yd1e} Yo1BasaYy YSi 191emysal,j uldisey]
‘eIopUBLIBN ‘UOIIRIS YOIBISIY SILIaYSl,]
pueu] ayj 1e padojaAsp us3q 2aey Sa10ds
21WApUd 19Y10 Ylim Juole ‘snuvdpiq ‘g jo

uonededoid [eid1j1e 3Y) uo sanbluyos ]
TRICY REVNTIN
Jo Sulpaaag [BIDYILY AY) Ul Y218IsAY

:mO0[2q pastrew
-wns 218 YoIeasal 3a0qe 2y jo sFuipuiy
‘pouUlWIEX? U33Q OS[B SBY Yoiad Id4A[IS
Jo duieas woly uonnjjod jo s1935J3 [Bl)
-uatod 2y ‘sisiem dulfes pue ‘syue} ‘spuod
u1 souruLojsad Ymodd ‘uonunu ‘3uipsalq
3Y] uo SI1oyine JUaIIFIp JO Iaqunu e Aq
USYBUIpUN UD3q SBY YoJedsal ‘snuvdplq g
Suisies 10J 1[nSal 152q Y) 9A31Yydoe O]
(€ 31qe ], 0s[e 3935) (9661
Jp 12 'UQLY]) SnupApiq g 3uimoa3 ug Jusw
-JS2AUL pUEB JSII3)UL Y} 01 anp Ajuiew sI
eijelisny ul uononpoid ysiy 1aremysalj ut
aseasoul ay) 198j Ul (T 219e1) $661/7661
ut uonpnpold snubdprq ‘g jo %86 paInqin
-U092 $3181S 0M1 3594 | (M SN) S9[em Yyinos
MmaN ul pue (piQ) puejsuaan) ut jueu
-1wop s1 snuvdpiq "g jo aumjnoenbe ay|
(9661 Aaue) pue 12)[em )
(s21e109Yy £]-9) swiej 2318] m2] B puE
(spuod g—¢) suuej pazis wWnIpIW WOS e
219y} y3noyie (spuod ¢—[) [[BWS 2Je SULE]
snuvdp1q g 10lelN “(ep661 19M[EM Q5661

(9661) A211 % ueal|nS.O LTS (A3 S67b661
(s661) ueAl|InS.O 99z 6t 671661
(T661) v 12 []2mpeal], - 0l 68-8861
(3) vonnqgrnuod (3) uonanpoud
danog Ya13J 13A1S urreJ ysiy aaneN I8

6661 01 8861 uLInp YoI1a 19A[IS WOIJ UOHNGINUOI pue uononpoid ysij aaleN "€ d|qe ]

0L Ly
128 0'¢s
9ty S'vb
9'66 £vLe
ve 1'Z¢
€101 L'961
0°L6¢ 686V°T
L'LL6 £L07°T

0 (sa1m1s |[e) o2 JaAry Arel

0 (sa1e1s [[8) YoIad Irrenboeiy

0 (sare1s [[e) YsyieD
10> (s1els |[B) Sseq uei[ensny
0 (s91e1S [[@) POI INOI],
10> (sa181S J[B) pOJ ARLIniy
S0 (s:e1s [[e) yolad uapjon
LTS (sa1e1s j[B) Yo1ad I2ANIS

SG6/P661 Bulinp uonanpoad ysyuiy IANEU J3Y)0 PUB YIII3J JIAIS

- (LN) Yodad 19A[!S
- (se1) Yodad 12A[1S
- (YM) UoIad 19A1S

(VS) yo1ad 19A[lS

6'1¢€€ 0°00b 1443 (PI1D) Y21ad 12A1S
0l VAN I (91A) Y243d 19A[IS
8689 £L08°1 Ll (MSN) Yaiad 1A[IS
uonanpodd yalag JIAJIS ISIMIE)IS
HSTANIA
(000°%) (5.000) (sauu0)
anjea A13ydjey uirej

BI[EIISNY WIISIM =V M

‘BLOIOIA=DIA 'PUB[SUIIND=TD ‘BI[BNSNY YINOS=VS ‘BIUBWSE [ =SV | ‘AIONLID] WIBYUON=]N
S31EM YINOS MIN = M SN (9Iqe[iBAR S[IR19D ON = VAN 42X (9661 A3|13 pue ueal[ng.O)
$6/p661 Burinp uononpoid ysSyUIY IAHBU pUB UYOIdd IDA[IS IAIIBU JO uostiedwoy 'z 3jqey

SLIOI I Gt 2205 D>




SET

(AaupAg :p1] Aig reuonevsuf Auedwio)
x00g 3y]1) " erensny Juiysty, (9861) [ ‘Piejlod

T1-Z ‘9661 A1013211(] 3pei] 21mynoenby

eISeISNY ‘§6/p66] U! 2inynoenbe ueijensny
Jo smeis (9661) "L A2113 pue ‘q ‘ueAlING QO

‘(AaupAg :Sa1aysty MSN 10j Ueqo}] ‘armynoenby

erseisny) luekig ‘D pue pueimoy [ 'S Sp3

g-¢ dd * pe61 ‘[udy ‘eiapueiseN pue uoyerr) ‘sdoys

-I0M Y213 JIA|IG JO sFUIPII0Id 131 Nd Y2Idg

I3ARS, 1] "T6-1661 Wt uondnpoid aiminsenbe ysy
-uy 2aneu vRlENSNY JO smeiS ($661) "d 'URANINS.O

“SH-pd (7)§ 2:mynoonby

pisoycap S121p 2inpndenbe ul jeawysty jo judw
-3se1da1 uo Keamuspun yYoreasay (v661) ‘A "UBANINS.O

(uopuo~

'2u00g ‘M % 1) ‘S[EM YinoS m3N Jo Auo|od

1u3s31d ay1 Jo pue x1124 eIENSNY Jo uoidas pajojdxd

A1u3331 2y1 jJo uondudsap Yynm ‘eijelisny Jo Jo
-u31ut 3@ otut suonfpadxa 21y (8€81) T 1 IIPYMIN

(eryRnIsny Yinog P17 $$214 ULIND)

“usws3euew pue AFojoig - SIYSY JAIEMYSII]
werensny, (bg61) ‘I'O 'BPIWYIS PUR Y[ NIUIN

(AK2upAS pady) 11PMOAIN

WY P3 Ist-0¢t ‘dd ‘eyensny usaisey

INOG JO SIYSIY 1eMYSIL4, U] 'SIYIIJ JO SIAung
saiemysaty sepruodess] Apurey (0861) AT PWIN

sy (1ol aunynoonby visoisny

21101317 J0 121051 uonedun Aeunjy-wnginon

ay1 w1 sjeun dungnaenbe yosad 1IANIS paesdaug
(9661) ¥ "1oiseD pue ‘D *A3]00H T "UOUUININ

‘gz *( "oN uonedt[qng eroads

‘AJojouwr] Jo A13130G ueI[ENSNY "SI|EM YINnOg
MIN U1 ysiy Jo vounquistp 4L (£86(1) "D T "UAIIMIIT

CL1-SST BT Y240253Y 42IDMYS ] puUD FUIIDIY

Jo jownop uoipsisny “Auadojuo pue sisauafoydropy

‘11 "Saysij Ialemys31) uereNsSnyY jo $3193ds
aaly ynm siwdwnadxa duteay (9£961) ST 28T

EST-LEL "1 YO4D3SAY J21OMYSAL

pup suripfy jo Jouinof uoijozsny ~Julumeds o)

Juawnpu] ‘| 'S3Ysly JeMYSIY UBI[ELSAY JO $2123ds
3Ay gua sjuawadx? Junieay (qL961) ST aNET

(ewaque)

'§531g AIISI2AIUN [EUCNEN UBI[RNSNY) RETSELILEYRY

‘H'V P3 €17-761 s23ed ‘ seuneq JIdyi pue

sIole PUTIU] URITERSNY, 4f (WIISAs 1aary Suireq
-Keunjy ayi jo saysy feddungd (BL961) 'S [ e

‘(AdupAS (uos|aN) “eljensny
JO SIIAUI pue SIYSYy 1IeMYSII] (te6l) 'S r 3ye]

"$9-$9 "(10en1sqe) (661 AINf

61-51) miEnsny ‘[N ‘uimseq U1 pI3Y (VYINYY L)

eIse|eNSNyY JO UONEIOSSY Judwddeuely 321n0SaY

snenby pue yst4 Y1 pue (g4Sv) A3ojoig usid Joj

A12150G treijensny Jo 33ua13juod 1utof Iyl 1E PAIUdS

-a1d radey (sepiuodesa]) (RE81 I1PYANNA) suodpiq

snupAprg ‘42134 12A}tS AQ mOnuII2I udoniu pue

sasso[ uafoniy :amifnoenbe woy uonnjod us3oNIN
(3£661) Y '43nopire pue g ‘€podIInN “O ‘LY

"0z-61 ‘(1)r9 oyoUusnY

wr Anystway ) “dImyndenbe woiy uonnjjod qL661)
d 'we] pue Y ‘ydnoprrey “Q ‘epodadnN "D ‘euary

'60€-10¢

‘6 221 SA112YS1 UDISY d1ninoenbe ul J1Sem pijos

Jo uonanpoid pue (1wo1d 01 9U13J3 PIM (11PY421IN)

(snupipiq snupAprg) §d134 13A[IS "Yysij AAnieu

uei[RNSNY UE JO S[ELI Juiseas Areuiuntjaig (eL661)
¥ 'y3nopureq pue 4 “ure] g ‘gpodadnN "D ‘U

192-19T (S)E 11 1S1{D4MIDN HDII011, |

2yp smynaenbe w saxeds aAneu UBlEISNY (9661)
d 'ure pue Y ‘ydnopneg ‘RpoRAInN O "BLQIY

9T-81 (DIFT 4212)5M2N

ANojorg yxt4 20f a0y woypdisny Juswajdduns
rE6L - SOYSY pausediyl genensny (r&61) "d THOSNIR[

‘go-19 ()01 ssnynonby

LIRS TN B o suiseq woneiodeAad 1ajyempunca®

8661 (7) S11 I0A

Jul[es UBIOIDIA Ul IMINJIJBW pUR|UI 10] |BNUAN0G
(9661) "1 'uouurydw pue ‘0 ‘Asjoon g ‘wesdug
'b§ 'g1 ‘oyousny Jo A13130S
JouoynN y1 Jo s8upanrosy “(snuodpiq snuodpig)
yaiad J3AJIS Jo uonisodurod p1oe Anej pue jud)
-u0d 1gj 2Y) Ut soriel A31aud/uiaiold Asejaip dutliea
10 5193132 YL (b661) "N'D'Q ‘suaqoy pue’f'g JAuny
‘(erjensny
‘uoisaoune 18 eluewse | jo Ansidaiun) -aaninoenby
ul yoseasay pue Surydeaj Joy 3nud) Aoy
|euotieN “IUSUadRUBL PUE UOHIOTUISUOD ‘UISIP SUId)
-sAs uonena3Y "(£661) ‘A 'UBANING,O Pue 'd ‘WeH
756
-LV6 ‘O Y1035y 42IDMYSIL .| pUD JUIIDIN JO EE:M\.
HDH)DAISAY 1S0919) JAIBMYSIS) UBLEIISOY JIWIPUI
ue ‘(sepruodesd]) [|2YdMN Snuodprq snuodpig
‘t]o1ad 19A[1IS 241 ul uolie|n32I0WSO pue IdURII|OL
Auijes (s661) 4 W "®ide) pue g d "PYIgN Y ‘ono
“SES-1€5 ‘£01V AJojoisdyd puo Ansiuaysorg
2anvapdiuo?) ~seare| pue $382 (snuodpiq snuoApig)
ys134 12AJ1S jo juawdo[aadp dyi uo Ajtuijes
J0 193333 “(£661) "W “eade) pue g ‘e Y ‘onp
*L€-6€ (§£)L 24nynoonby oisoisny “|ENUINOH
|e1wwo)) pue sjuawdojaAadg WwaIN)-ysijuty
Suipeq-Aeunpy (g661) S ‘pue[moy pue 'O ‘A3(000
"691-6S 1 ‘8T YI4D3sYy 1210MYSIL.|
puv aupiopy jo jousnop uoiodisny K1pundzy
pue 394D [epeuol) ‘[ "eleNsNY ‘I9AIY NPAMD )
Ul "J{2YONN SALDPUD) SRUDPUD] ‘YSIIBD) JRMYSII]
a1 jo Adojoiq aananposday (LL61) 'O TL 'staed
1SS-LES ‘PP YI403S3Y 42JOMYSIL] PUD IUIIDIY
Jo jpwnof uoiousny “\siy ATl JO |iso1d dy) pue
‘uoiyuejdooz ‘uoiyuejdoiAyd ‘Aijend sarem Juowe
sdiysuone|as :aeAre] |s1j UelENSNY Joj spuod Sulred)
Jo AJojouwiry (g661) "D 'SIPPID PUB V' JAAIND
(Pwnoq N 131uU UWWIA0D)
"dgpz “elI0IdIA JO YSij 131emysaly ayj 0} apind
v '(£861) 'N'D ‘asnoyyoeg pue “Td “J9pE|lempe)
' $8¢E-19¢
't A30j033 jo jpusnor upioasny "BIENSAY ‘BUOWIA
‘wasAs JOAIY SYI91D UIAIS UL Ysi) padnposjul
pue aaneu jo uonnquisiq (6£61) “Td ‘J3pejiemps)
"§1 'ON "BUOIA ‘1aded
J1PIIAA PUE S2UNSI] 'SUONESNSIAUL JATY Aelinjy
05-6b61 s, Andueq o1 "(LL6l) “T1d ‘J9pelIEMPED
‘(euieqe]y ANSIdAIUN WNqQOy
‘uoneig |eIwswadyg jesnnondy eweqejy) 2m
-|naenbe 1oy spuod ui Aifenb 1atepm (0661) D ‘PAodd
‘(AsupAg :sausysi§ pue aunnoudy
MSN) ‘spjoukay "4'7 ‘P "gp-¢€ s9ded ‘esapuaeN
. doysysop 2smynoenby satemysaig isig 3y
3o sFuipadsold, ¥f ~dninoenbe JA1suIXd J0J suon
-eorjduit pue surep uuej Ut ysi (9861) ‘0D “mofreg
‘0TL-§ 1L 'G€6 Bojorsdyd puo dijsiuaysorgq
aanpsodwo?y “spidi| (snuodpiq uodoiayiodoraq)
yo1ag 19A|1S Jo uonisodwod p1oe Aney Y1 uo 131p
10 102157 "(6861) 'H'V ‘uidulyuy pue [y ‘u0SISpUY
‘€6 ‘gl oousny jo 4131308
JouosinN ayi jo s3uipaasosd (114NN snuvApiq
snuoApig) |213d J9A|1S JOJ UONLES UOISIIAUOD
pooj pue ones A3uadyja urajord ‘Yimo1d uo suon
-enu25u0d A1aus pue udroid Juikrea jo s193))3 YL
‘(p661) °f "sIoURIS FUR (Y ‘YNWS-1awem “TO ‘CE|Y
"ob-LE (D01
aunynaonby pispisny “S191p 2A123)J2-1509 guidojaasp
preaoy sanuoud pue ssarfoid yosedsas Ansnput
yo13J 1PAIIS YL "9661 ('S ‘PUEIMOY puE “T'O ‘ue|lY
‘(eliuepy A19100G SIS trRISY)
‘we] D pue wys 3N ‘dueyd ‘g4 A ‘0oyN
“AVH T100H SN HmA N Ruosyd N Uy
AL e gL fouuny 'y noud W SPI 0L9
-199 s»fed ‘661 1290120 0£-9C *a1odeduwg ‘,wuoyg

s31oysig weisY piy L 2w Jo sAuipsasold, v "s1aip
sanynognbe wr sswnds| uesd pue SPIIS|I0 UBIENSOY

LT

)JsijednjeN ueldo)pip 9yl rre
(as661) pueimoy (Ansusp ydwy) L'z J01< hLuung YIRN-124010
(a5661) pueimoy (Ausuap mo|) €' D:0< nwung YI1eA-13q0120
(9566 1) puemoy S0 2071 L1 FERTTS 12qundag-Ae

d1nog /A pmosn  aanmenduwd ) SU0SBIS SYIuoA

-SUOSEAS JU2IIYJIP 18 SPUOd Ul PATeas UdIad 1AALLS JO YIMOID 'S IIQEL

Joasn oyl (p661) ('S ‘puemoy pue | D "UEjlY
‘0p-6€ ‘9 24mnoonby visoisny (snupdApiq
snupApig) yo13d 19A(1S 10) 13ip jeuawnadxs ue
Jo wawdoaAdg “(¢661) 'S 'PuBIMOY puB TO ‘UB||Y
112 '91 oyodisny Jo A131908 |puoIINN
ay1 jo s8uipszs04d "uiajoad Jo $331N0S pUE S|
-A9] WRIILJIP YIm S191p U0 snuodpiq snupdpig 1233
I9AS Jo YmoID (1661) ('S ‘PUImOY pue "T'D ‘WejlV
SIIUILIJAY

1duasnuew ayy aoidwi 01 padiay suonsagans
250UM $3313j31 STOWAUOUE O} [Y31e3 /e IM
JUIWIZPIIMOUNIY

'$3U0Z 19)eM YSDjorIq Ul uln)
-no jo Kijiqenns sit jo eiep juduiuad apia
-01d Aew siorem auljes A[)y3ijs ut snuodpiq
‘g Jo Sunteas uo sjyuswiIdadxs I13ylIny
‘19A02JOJ ‘YolIB3SAI 21NNy 10 Sedle jue)
-1odw 3q pjnom snuodplq g o 3uunjnd
-Kjod uo syuswiadxa pue 131p snuvdplq ‘g
Sunnjjod moj jo juswdo[aasp ‘swiwesdoid
arnjjnoenbe 2jqeUlRISNS € 10, "JUMUUOIIAUD
2y) 0} JU3LNU JO 9F1RYDSIP Y UI UOTIONPI
B pue UONU2}aI JudLnNU IdURYuUd Aew
sinjesadwsy wnwido 119yl 16 snupdpiq
‘g Suimo1d 1Byl smoys Apmis JusdINY
"payst|qelsa |jam aie s3193ds ayl jo uol
-uynu pue £30[01q 2y "Bi[ensny Ul $310ads
ainjnoenbe 131emysaly e se jerjuajod
18213 sey snupAp1q g ysij JlWapud ayj
uoIsnjauo))

‘(oL661 1P
12 BUQYY ‘QLG61 P 12 rUQLY) asmjeradwd)
Jey) 1e paulelqo SSO| S1[0gelaW pue [edae)
12mo0] pue YHd pood ‘Yyimoid 13113q ay)
01 anp 3q PjnNO? SIY} Pue JUIUOCIHAUI 3Y)
01 proj stuoydsoyd pue usdoniu ss3| padnp
-01d D67 16 umoid snuodpiq snuvdpig
‘(BLg61 1P 12 BLQIY) JUSWUOIIAUI 3Y) O)
J)sem i[OS paAjossip pue papuadsns ssI|
paonpouad (YD) Olier UOISIIAUOD pOOJ pue
(4OS) el Yimold oyroads ‘uted 1yJrom
1Y31y Ajaanesedwods Juiaey snuvdpiq
‘g Ul pajnsa1 ysiym 131p 3yl eyl punoj
am Juswiiadx? 19yloue U "D,07>D60¢€
>Do§Z JO 19pI10 Y1 ul sainiesadwal 13y10
ynum patedwod (§0'0>d) peol wwatnnu
pue aisem pi{os ss3| Auedijiudis paosnp
-ouad DoS2 e umoud h\:\nw\an.:u ha:\C\an\Q

‘JUSWUOIIAUS 24l 01 FuipeO| 1UIINU
pue uonosapoitd sisem prjos sy 2128NssAuUl

01 D,0€ PUe DoST “Do0T 1B sgui1a3uy

snuvdpiq g paiedr (4L661) o 12 BUQIY
TENEE @ ERVIIN

jo aanynaenby wouyj jenuajod uonnjiod

‘(pivp "jqndun
‘Jp 12 e11q1]) S3LIIUl[ES JIYlO0 j& uey]
Anures p 18 UONUSI3L JUILINU pUe Y4 19
-12q © pey pue 13ise} maId snuodptq ‘g g.5)
-U911JJ3 UONUIAI JUSHINU pue Yimoi3 die
-n[eAd 0] 12p10 Ul (KQuifes g| pue Awuies
g ‘Auuifes p ‘A1uijes Q) s[aAs| Karyes
Jua1a)J1p 18 s3uipsaduy snupdprq g pareal
am ‘Anuasay (9661 v 12 weidu) saded
12]BMUS3I] Ul PaIeal Yslj pazis Jefiuis jo
asoy) eyl 13132q 19m Aluifes £°61—0'8 18
paulRlqo [eAIAINS pue ymosd ayy “Autles
9'pg-5'6 JO sanut[es 19431y 1e paynsal
[eAlAIns pue yimoid 100d searsym ‘Alulres
£°$1-0'g Jo Atuijes e e sa8ed ut pased
uaym SnupAplq ‘g Jo Yyimold pue [eAlA
-1ns pood e pauodal (9661) v 12 ureidu]
‘(£661 'Ip 12 OND) 191eMYsal) ul paydiey
350y} UBY} 93181 [BAIAINS 12113G B PaMOYs Al
-utes X1s je payoiey seAre| pue (¢661 1012
onn) (Anuijes) puesnoyy 1ad sured ¢ o1 dn
Aluijes 21e12]0] ued snupbdpiq snuodpig
SINEM
JUIJES Ul Y19 JIAJIS JO JdUBUIIO0NIA]

(eL661 1P
J2 v11qry]) spuod [erdsawwod o) paredwod
eirenbe Ul J9MO[S 3q 0} punoj sem snuoApiq
g Jo Yimod ‘Kpeprus (45661 PUBIMOY)
spuod usylies up ueyl syuel Ul I9MO|
Apuesyyiudis sem snupdpiq g jo YOdJ pue
Yimoa3 ayy "191empunold yim paiddns
syuel ur paxij sades wWolj pa)nsal [BAlAINS
pue yimoid 100d [iym ‘swaisks uonedii
-a1nmypnoenbe pajeadalul Ul s[auueyd UOL}
-e31u1 Ul paxy sadeo Suneoy) ut snuvdplq
‘g JO [BAIAINS pue ymold 11399 A[aanered
-wod pautelqo (9661) /o 12 UOUUIYOIW
sade)
JSHUEL Ul Y23 J JIA[IS JO IDUBWIO0NIA]

(PS661
puejamoy) Aijiqidaosns aseasip Jo aseasoul
ue u! 3UNNS2J 21BI01I219p Aew \A..__n:m
Isiem 241 ‘Jowwns Funinp Apaenonied

Sl DYIITG S AP e DD




£LT

ﬁum—CL-‘CZ :p\uLC‘r\m\/ C-—IP\

(H) L19T 0586 133O S3e§ jood
uped uepy J1PBIU0D

PR

-uotdai siy1 Jo eioyy Jejnaeidads sy Jo suonensnyy! waougew py|

S6'LYE”

“(uBYIIBN "N puR Jaayny “q) ‘saduvy Sunng aiyl jo S12MOYPILA

“3u1102][09 [1SS0J PUE SIIII[BIO] UO SAIOU YIIM ‘BLIOIDI A JO BIO[] 1UIIDUE 341 O apind v
omN—m ........... P L TR R R R R R P R AWN—MSOD .O—-v thn\h HN ‘:c\l \\HHQ’* ‘=~:‘
‘(sdew pue sa(019ys Yua) 1esejeg pue JWNOq3jN
U29M13q B2JER 341 UO UOTIBULIOJUS 1t 801023 JOo yyeam vy

(19313]Yy2S [20N 'P3) w4vpvg 01 11N0q134Y ‘80100 apispooy
(suonensn|{i 1noj0d SNOJ3WNU pue sdew yum)
0JUOLO| S,UOS[I A\ 1B SIAIP puE S3JIs duLiew Y1 O} apind v
e (12uIn [ "W PUB 2[00 .0 ‘W) Wo1d 311 Iv Jopu[] umoq

‘sadueyd sweu Junesodioour

pue sydeafojoyd [euoniippe Yia 00q I21[1E3 Y1 JO wudar v
ﬂo.o—m.............. ................ Neenaneian ALULL—JI— m—v Nunnu~k -c.~\~.~khhw~v~ Qh -Q.~:=QEQU ﬁ\“.nh\ ‘

:aA1) Sunngusip A[IUILIND S1 1| 192YJO SI[ES J0Og] 2Yi Wolj paseydind aq ued yorym
satdol K101s1y [einjeu uo $300q JO Joquunu e paysiiqnd ‘sieak ayi 1240 ‘sey qn(D YL

ADNJ Woj d[qe[leAy $HOO0Y

‘(ueqsug 'ssaid epuereser) BleNsny
Jo saystd 1aremysasd aaneN, (0961) 'd ‘D "A1num
"9¢-v€ ‘()01 asmynoonby
pisoysny ‘ssa18oid uo $133[J31 1321jjO0 uoOIS
-ualxa 12134 12A[1S (9661) @ ‘Aawre) pue "] U
‘9g-pT (§)g a4nynoonby pisoisny adossossiw sapun
nd yo1ad 19A1S 10§ [2pows ysy1eD (Qp66 1) "L INIEM
‘9-¢ '(5)8 a4ninoonby
pIspIsSnY "1UIWUIIA0D sAes asned> pood e
10] {8 Y234 JIA[IS U0 wnlioleION “(Bp661) L 1M [EM
'9-¢ ‘(S)L a4nynoonby pisoisny "uonIe Y} JO (s €
sisuue) jjews JuialD y1ad PAS (€661) "1 JaNlem
‘(AaupAg isausaysty
MSN 10] LeqOH ‘21mnoenby eiseisny) uelig
"D pue pueMoy 1S SPY "6€-6Z Saded ' po6! ‘|udy
‘eropueure pue uoljeln ‘sdoysyiom aimnoenby
yoisad 13A(IS Jo s3uipsssold dImn) Yysidg
JA|IS, 4] "Ya1ad IFA|IS Jo uononpoid A1aydey o)
J10j sanbiuyaa] (se61) ('S ‘puemoy pue S ‘ueisIny
‘d| g’ BU2QUE)) ‘BI{RAISNY
Jo yiparuowwo) ‘7'z Boday yaseasay (IYvEv)
$O1WON0DT $22IN0SAY pue [esnifnoudy jo neaing
ueljensny ‘ainj(noenby ueijensny jo |[enuaiod
(2661) "@'D "23ndey pue T ‘IAPHIN “I ‘jlpmpeal]
“(MSN P11 ssaid 1adig pues) dzig
‘joog Suysiy ueyensny ayl, (Z661) 'S ‘urpeis
"8ZE-L1E ‘0 a4nynopnby “spuod ustues ut
SANISUIP 0MI 1B “(JIYIMN) SnuoApig snuodpig ‘Y2434
JIAIS Jalemysal) uel[enisny 3 Jo uononpord ($661)
"1 “x3)nuod pue W ‘SHIOH “TD ‘Ul “['S ‘PueImOy
‘862-967
‘9§ Is1anny) ysi aarssas3oiqd ayy “spuod usyiied
ur sanisuap omi 1e (sepruodesa}) snuodpry snuvApig
‘guipraguiy jo vonanpoid (p661) L “X3jnuog
pue ‘N SHIOH "X “pRID TTD ‘URlY 'S ‘pugimoy
‘| 's3USTA SN "INHNIENDE JNEMYSIIT JO MIIA
e woy Juisure 132l0id oreasas v (snuvdprq snundpiy)
213 19A[!S Jo 2anjndenbe |e12r31Wod 3y 10j
s1vadsosd sy (ze6l) ‘T Y ‘Kaweay pue ('S ‘puejmoy
'0€-L (S)s Aanynoonby
pisppynp C(snueApiq snuedpig) yoia | 13AS
121BMYS2Y) il Apnis 3sed e sausibasard 1y
Afo01q YSTY (1661) DD "MOJEg pue ('S "PUBIMOYY

‘g7~ 1IquAdIG s3143ysty upioasnE SN B!
Y2134 J9A|IS pue uIp[on Jo FUNYI0Is pue UONINPOLd
(£861) 'd ‘250[2S pue ‘[ ‘uosq “['S ‘PUE|IMOY

‘6L-€L '8 20U2108
$2143YS1 uDISY “SNuUDAPIq snuDAp1g ‘431ad 13AIS
Jo aimna puod Ansuap Y3ty (PS661) ('S ‘PURIMOY

"(ASupAS sauaysty MSN 40 LEqOH
‘ainynoenby eiseisny) “wuedig ‘) pue pue|moy
'S spI "s9-1¢ s98ed * peel "|udy ‘elapuelieN
pue uoyein) ‘sdoysyiop Y2134 JA[LS jo sdurpasdosd
220MNd Yo1ad JIAJIS, U] Ya1ad J2A[IS Jo 3imynd puod
aatsualut ay1 m Ailjenb saepm - (35661) 1S ‘pueiMOy
(KaupAsg
'sauaystd MSN J10J Beqol “aimnoenby eiseisny)
‘JueA1g "D pue pue(moy ‘'S SPY ‘6p-[p saTed
‘1661 ‘(udy ‘eiapueuey pue uoljern ‘sdoysyiom
yslad J1aA[IS Jo s3urpaadoid :aunijnd yaidd
19A[1G, U] ‘spuod UdYLRd Ul YII3] IIAJIG IZIS 1ysRW
pue Juraduy jo uonanpoid (45661) 'S ‘PUEImOY
‘(AsupAg
$a1YS1y MSN J0J BeqOl ‘a1mnoenby eiseisny)
‘fuekig ') pue puejmoy ('S spy '11-6 s2ded
1661 ‘Mdy ‘eidpueveN pue uoyjesn ‘sdoysyiom
yssad JaAIS jo s3uipaadosd INIInd Yaiyd
J12A[1S, 4} ~aaninaenbe 1o (enudtod sit pue ‘snupApiq
snupdpig ‘asad 19AlIS 24 (Bs661) [ 'S ‘PUBIMOY
“8b-6¢ “(1)y asnynoonby
panddy jo jpusnor "3amnd puod 10j ‘snuekpiq
snueAptg ‘Yd1ad JSA[IS ysif JIIEMYSII] UBT[RNISNY
3y jo uonenjead Keutwiid (p661) ' 'S ‘PUEIMOY
102-€61 (E)E 11 S2/04f YinoS MmN Jo A131505 uoauur]
ay! Jo s3uipaasosq “deae| (12ad p)jayo01nI0/Y)
pod Aeuniy jo §utp3a) pue 1R1Q (7661) ['S PUEIMOY
'98-€8 ‘¢ asnynoonby (epruodess | )
(1194211 ) snuodAprq snupApi1g ‘Yysiad 19A[1S jO
uiumeds pasnpui-auounioy 4] (yg6[) ('S ‘pue|moy
148-LS8 'PE Y1053y
13IDMYSAL.] PUD FUIIOY O [DuInOf UDIDIISNY
‘ura1sAs J2Ary Suipreqg-Aelingy 2y ur saroads
sy aay jo swoaned vonesdy (£861) 37 ‘sproukay
8L-19 (v ddns) g ANojo1gy ¢vif fo (puanor manaaa0
ue - elHRIISDY UI SRS} poudiedsy | NQGG—V 47
'Spjoukay pue [ ‘siuepy “v'g ‘uredur “v'Q ‘prejiod




Assistant Editor Dr K. Juuncey
[nstitute ot Aguaculiure

Aquaculture Nutrition "~

An international journal published by Blackwell Scientific Publications Tel: 0786 467892 Fax: 0786 472133

Dr G Kibria

84 Munro Street
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MSAN 202 Utilisation of sewage grown zooplankton and performance of
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grown zoolplankton
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~ that it is acceptable for publication subject to some final, minor, corrections as
indicated on the enclosed copy.

The publishers would very much like to receive a word-processed file of your

final manuscript and | have included a diskette submission form for this
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Thank you for submitting your paper to this journai.
Regards,

Yours sincerely,

Or Kim Jauncey (kim jauncey@stir.ac.uk)
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Phoapborua ‘Balancs 4o A sma’md Aqummmsnﬁm
it A Case Study With the Nat{vo\nmt;alhn th Sllver
. Perch (Bidyamu bid)urcul)

- G.Xibria, DAugegodal., P.Lax® and R Fairelough® . “
Department of. Environmental - Mansgesent, chtomal
 University of Tedmoloey, St Albans : Campus, VIC 3021,
‘,Austraha . Lo

Phosphorus, is the key nutnent in freshvater eutrophication.

" studies vere made on, the loadxms\ of phosphorus to the
environment form rearing.of native t'mshvater silver perch,
Bidyanus - Sldyanus, Trials were ““conducted at  two

. temperatures (20+1Tand ZS:tlt) and fish are being fed
two compercial diets referred to as diet(l) and diet(2).

Total phasphorus wvas determined in the fish caracass, feed,
faeces and in uneaten feed in order to determine -phosphoius
gain by fish (ss bioaccumislation) and phosphons loss to
the environment (as pollutants). '

Keyvords: Aqtacultxre. Phosphorus, Feed, Pollution

'1.Department of Environmental Management, Victoria University
of Technology, Australia _

2.Biology and Chemistry Department, City:lniversity of Hong 5
Korg, Kowloon, Hong Kons -

- 3.Centre for Bioprocessing & Food Technology, Victoria
“University of Technology, Australia - ¥
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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
witerns of ammonia and orthophosphate discharge at 25°C and 30°C were observed. There was a sharp
Merease in ammonia and phosphorus production soon after meals (Figure 1 and 2), which decreased linearly
turing the remaining 24 hours of the day. There was no significant difference between nutrient discharge in
Fh° fish fed the three different diets(P>0.05). The daily ammonia and phosphorus excretion rate was observed
erease 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
by the fish, The feed that resulted comparatively better nutrient retention in fish discharged less ammonia

ind orthophosphate to environment. :
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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’
1. Department of Biological and Food Sciences and
2. Department of Biomedical Sciences Victoria University of Technology, MCMC, Melbourne, VIC, Australia

Nitrogen is the most important and an expensive ingredient in fish feed. Nitrogen is required for normal growth
of fish, but an abundance of nitrogen may cause nitrogen pollution in both freshwater and marine environments.
There are no previous studies on pollution load from silver perch culture although silver perch is a major
freshwater aquaculture industry in the country. Silver perch juveniles were reared in glass aquaria 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
(3.8%-14.3%). The hourly excretion rate of ammonia showed a sharp increase soon after a meals and a linear
decrease during the remaining 24 hours. This rate was not significantly different in fish fed on the three different
diets at 250C (P>0.05). The daily excretion of ammonia was significantly higher at 300C than at 250C (P<0.05).
A linear relationship was found between the nitrogen intake and the loss of nitrogen in faeces. Faecal nitrogen
loss was higher at 300C than at 250C (P<0.05). The nitrogen retention by silver perch was found to be
significantly greater at 250C than at 300C (P<0.05), and the average 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 the better food
conversion ratio (FCR) and lower nitrogen loss obtained at 250C with silver perch. The study shows that culture
of fish at their optimum temperature may enhance nitrogen retention and a reduction in the discharge of nitrogen
to the environment. T o
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SEWAGE GROWN ZOOPLANKTON AS AN ALTERNATIVE FEED OF
AUSTRALIAN NATIVE FISH SILVER PERCH, BIDYANUS BIDYANUS

G. Kibria!, D. Nugegodal R.. Fajrcloug_hz, P. Lam’ and A Bradley*

IDepartment of Environmental Management, Victoria University of Technology,
P.O.BOX 14428, MCMC, Melbourne, VIC 3021, Australia, 2Centre for Bioprocessing
and Food Technology, Victoria University of Technology, P.O.BOX 14428, MCMC,
Melbourne, Australia; 3Chemistry and Biology Department, 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 nch
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 & Lichtkoppler
1979; Rosenthall er 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 & Lichtkoppler 1979; Rowland 1996);

positively charged ion resulting from the reaction of ammonia in water,
NH, (Boyd & Lichtkoppler 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 a/ 1990);

Apparent net protein utilization (APNU)

Ash

Carbohydrates

Crude protein

Crude fat (ether extract)

Crumbles

Diet =

Crude fibre

Digestibility

Dissolved solids

Dissolved oxygen =

final body nitrogen - initial body nitrogen / amount of nitrogen consumed
(Jauncey 1982);

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);

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 mixture 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 er al. 1996);

the elemental oxygen gas contained in a body of water to support the fish
life (Boyd & Lichtkoppler 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 natural way (Howes 1995);

Effluent = waste water discharged into water body;

Essential amino acids

= amino acids which are essential to the animal and which the animal body
cannot synthesize fast to meet their requirements (New 1987; Devendra

1989);
Eutrophic = lake or water bodies over-supplied with nutrients that promotes excessive
growth of algae and other plants (Clark 1990);
Fines = dust and small particles that result from pellet disintegration (Hardy 1989);
Faeces/faecal = excreted from the intestine (Butz and Vens-Cappell 1982),
Feed = a mixture or combination of ingredients (Hardy 1989),

Feed coefficient the feed consumed per unit weight of increase (Rosenthall ef al. 1990);

Fish food = any material containing nutrients that can be consumed, absorbed, and used
by the body (Hardy 1989);,

Fish meal = protein- rich animal feed product based on fish (Kailola e al. 1993);

g = gram(s) (Adams 1990);

Hardness = the concentration of calcium and magnesium in a water sample expressed

as mg/1 of equivalent of CaCo, (Boyd 1990);

Heavy metals metals with an atomic mass greater than that of calcium,; also known as

trace metals (Forftner and Wittmann 1979);

kg = kilogram(s) (Adams 1990),

kPa = kilopascal (Purchase 1997)

1 = litre(s) (Adams 1990);

Intake = amount of feed consumed and available for digestion and expressed in DM

(Devendra 1989);

Leaching = dissolved and washed out, and the rate of leaching depends upon physical
characteristics of waste (Hennessy ef al. 1996);

Meal = 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 (%)

= weight of fresh sample - weight of dry sample  x 100 (New 1987),

weight of fresh sample

M = molar concentration or mole or gram molecular weight per litre (Adams
1990; Parsons et al. 1984); moles of solute/litres of solution;

Non-faecal = excreted from the gills, kidney and skin and dissolved in water (Butz and
Vens-Cappell 1982);

ug/l = micrograms per litre; 1 x 106g or uM/1 (Adams 1990; Parsons et al.
1984);

mg/l = milligrams per litre; 1 x 10-3g (Adams 1990);

ul = microlitres(s) (Adams 1990);

pnm = micrometer (0.001 millimetre or 10-3mm) (Parsons ef al. 1984);

umhos / cm = specific conductance / or conductance - micromhos / centimetre (Adams
1990);

ml = miililitres(s) (Adams 1990);

nm = nanometre(s) 10°m (Adams 1990);

N = normality; gram equivalent/ litres of solution (Adams 1990);

Nitrogen = essential nutrient for both plants and animals;

Nitrite = 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 & Lichtkoppler 1979);

Orthophosphate or reactive phosphorus

phosphate that pass through 0.45 pm-pore diameter membrane filter and
determines without hydrolysis or oxidative digestion, orthophosphate 1s
readily available to plants (Boyd 1990);

Pellets = a physical form of feed or combination of feeds which are compacted by
mechanical means (Devendra 1989);
pH = - log[H*], it is a measure of the hydrogen ion concentration and indicates

Point source

1

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 = the entry into a system of any material that will harm that environment or
make it dangerous for any organism living in it (Howes1995)

ppt = 1 part per thousand or 1 gram per litre (Kailola et al. 1993);
Ration = a share or allotment of feed over 24 hour (Hardy 1989);
Salinity = total concentration of all ions dissolved in a water sample expressed in

milligrams per litre or parts per million (Boyd 1990);

Solid waste discontinuous and physically separable waste, which may leach out

further, for example, dust, uneaten food, undigested food, mucus, intestinal
cells, bacteria, faeces, scales (Muir 1982; Phillips and Beveridge 1986;
Hennessy et al. 1996);

It

Soluble waste non-faecal loss (Cho et al 1991);

Suspended solids = 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);

Sustainable = a natural resources/renewable resources that can be replaced naturally
(Howes 1995),
Trash fish = fish of no commercial value that have been caught but are discarded

(Kailola et al. 1993),

Water quality all the physical, chemical and biologiéal properties of a water body

(Boyd & Lichtkoppler 1979);

Zooplankton microscopic aquatic animals suspended in water (Boyd & Lichtkoppler

1979);
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