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Abstract

In order to verify the possibility to apply of Eygean Union methodology of calculating N balanceambow trout
farms, a dynamic model was developed using Stélfar the simulation of growth performance and mjgn release
(GPNR model). GPNR applied the thermal-unit groadlefficient to estimate biomass weight. Actual Nease (ANR)
was calculated as the difference between actudlotteal and N retained in biomass. Minimal N releg8inNR) and
maximal N release (MaxNR) were estimated when &chMiaallotted was unknown. Datasets obtained by teigh
experiments of different feeding conditions and fielel production were used to verify the suitalilof the model on
rainbow trout production. The results showed thBNR can be used to simulate growth performanceNanelease at
any time during the production cycle. ANR was witlihe range of MinNR and MaxNR when the ratio dgfediible
protein and digestible energy of the diet was thas 24.81 g/MJ. Daily maximal feed intake providegardstick for
farmers in fish farming practice. GPNR model offfasmers and water authorities an useful and sirtgakto maintain
sustainable development of fish farming productiod control N pollution in water.

K eywords: Rainbow trout farming, Dynamic model, Biomass weigrowth performance, Nitrogen release

I ntroduction

In recent years, most countries worldwide haveltti® decrease nitrogen (N) excretion from animaldpctions
because governments and the public opinion arengagier more attention to N as a prevalent pollytaning to
its potential damage to the environment (Costamzh Gottlieb, 1998; 2001; ERM/AB-DLO 1999; Boyd, &)0
Nitrate pollution of water has been particularlkea into consideration. The nitrate level in drimkiwater is
limited to values no higher than 50 mg/L in EU (BIB/EEC) and the Water Framework Directive of EU
(2000/60/EEC) intends to provide protection forigrd, coastal, estuarine and surface waters. Amioagrany
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sources of water pollution, fish farming is impatéor N and phosphorous load even though the@as is highly
diluted (Roque d’'Orbcastel et al. 2008). Sustaiadldh farming relies on the reduction of pollutitmads while
maintaining optimal production. When fish farmeng to optimize production capacity and minimize gwotion
costs while maintaining product quality, fish fangistrategies must meet or exceed environmentélagign
(Feergemand 1995), and the best management practictsbe adopted by farmers even if they tend teehetant
(Boyd 2003). In fish farming production, N wastensists of excretory products (NHind urea), N-containing
faecal products and uneaten feed.sNiHat is rapidly converted to NHin water) is excreted by the gills while the
other compounds are found in different forms of teasn faeces. Ammonia is always the dominatingnfof N
excretion in salmonids often making up approxima®8% of the total (Frier et al. 1995) while 5-1%#ttotal N is
released as urea. Ammonia could be transformedthfiaation and denitrification or simply disappetarough a
black box (loss) (Lefebvre et al. 2001). Much reskahas been done concerning to either water owpality
parameters including NQNGQ,, NH,"-N (Ziemann et al. 1992; Zoccarato et al. 1994josal ammonia nitrogen
(TAN) (Cheng et al. 2003; Webb and Gatlin 2003)

Problems concerning direct measurement of wastpubitom fish farms have been reported and several
models have been developed to study N output (Etial. 1995; Lefebvre et al. 2001; Doglioli et2004).

However, this research cannot indicate the exacuamof N release from fish farms because of théoua
aquaculture wastes (dissolved nutrients, faecatemand feed wastes) and the complicated chemi@hges of
ammonia after excretion. In particular, N transfation by environmental bacteria is significantlyfelient from
farm to farm and very difficult to measure. Thigtfés one of variable in evaluating N release. Brgphon and
others (2005) pointed out that there are at l@&asthain sources of potential measurement errorpBagmerror and
analytical error. From an environmental managemeirit of view, the concept of N release from fighnfis could
be compared to N excretion in terrestrial animal.

Comparing to on-farm measurements, the balanceoappris more reliable and a rather inexpensive tway
quantify fish farming wastes (Cho et al. 1991; ReqliOrbcastel et al. 2008). In this way, the diffty of
measurement can be overcome considering N juet @ement instead of its various forms followihg principle
established by ERM/AB-DLO (1999), i.e. N releasaag N intake minus N retention in products.

According to what mentioned above, the opportutitgreate an easy tool to estimate N release frsimf&rming
using an effective model represents an interesssige. Cho and co-workers first developed a big@tier model to
estimate production and waste output in aquaculi@h® et al. 1991; Cho and Bureau, 1998, Bureal. &000).
The nutritional approach proposed by Cho and cdcarar required measurements of apparent digestibilit
coefficients, nutrient retention efficiencies amg tquantity of feed waste. Conversely, the equati@mposed by
ERM/AB-DLO (1999) seems to make easier the asse#swienitrogen budget also in rainbow trout farms.
Moreover, the availability of software package, lsas Stelld" (High performance systems, Inc. Hanover New
Hampshire), has become a useful tool for dynamatesys modelling in different fields of research éGlet al.
1997; Montoya et al. 1999; Jamu and Piedrahita 202

The aim of this paper is to develop a user-friendiynamic model (GPNR model) to predict growth
performance and N release (including all forms ofvbistes such as N in faecal matter, excretion pmtsdand
uneaten feed) in rainbow trout production usindl&té according to the methodology indicated by ERM/ABD
(1999) and applied by Guo and co-workers in bettfecaroduction (Guo et al. 2004; Guo and Zoccap4tab).

Materials and methods

Model devel opment
Theoretical bases
In recent years, different models were set uprtwkite the environmental impact of fish farmingeTgrinciple of
these models involves a classical energy or mdasdmreported by Feergemand (1995) and Doglicl.€R004).
The general equation to calculate N release fronboav trout can be the following.
NR = NA - Ngain 1)
Where NR = N release during a certain period odpction cycle, g;

NA= N allotted to fish during a certain period or guction cycle, g;

Nain= N retention in fish during a certain period ooguction cycle, g.
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In general, daily actual nitrogen allotted to fi@ANA, g/fish) is easily controlled by fish farmewhether feed
restriction or voluntary feed intake is used, npljting the quantity of daily actual feed allotted fish (DAFA, g)
by the N content of feed ¢, %).

DANA = DAFA X% Ngie 2

Then actual N allotted (ANA, g) for a certain petrican be obtained by
ANA = [ DANA @)

If feed allotted to fish is unknown, then an estima of the minimal NA (MinNA) to fish with certaimnitial
biomass weight (ABWO) for a certain period is reskdTo estimate MinNA, energy and protein requingtse
should be studied. Most research (Cho 1992; ChoBamdau 1998; Bureau et al. 2000) used factorialyais
dividing digestible energy (DE, kJ/fish) requirerhers recovered energy (RE, kJ/fish), maintenanarggnor
fasting at a given water temperature (HeE, kJ/fieleat increment of feeding for maintenance anavtirenergy
(HIE, kJ/fish) and non faecal energy losses (ZEE; KU/fish). Presuming the ratio between digestistetein of
feed (DPf) and digestible energy of feed (DEf)righe range of 20-22 g/MJ, the following equatians used to
predict DE and biomass weight (Cho and Bureau 1998)

DE = RE + HeE + HIE + ZE + UE 4
RE = GE1 - GEO (5)
GE = 8.6 x ABW — 40 (6)
HeE = (-1.04 + 3.26 T — 0.05)T(ABW/1000¥%?* x days 7
HiE = 0.17 (RE + HeE) (8)
ZE + UE = 0.09 (RE + HeE + HIiE) 9
TGC = (ABW1® — ABWG'3)/3 (T x days) (10)
PBW = [ABW0™® + Y (TGC x T x days)] (11)

where ABW is actual biomass weight of fish on aegivday, g; ABWO is actual biomass weight of fishtlet
beginning of a certain period or productive cygeABW1 is actual biomass weight of fish at the efic certain
period or productive cycle, g; GE is gross energgtent of fish at a given ABW, kJ/fish; GEO is gsasnergy
content of fish at ABWO, kJ/fish; GEL1 is gross eyyecontent of fish at ABW1, kJ/fish; PBW is predidtbiomass
weight of fish at a given day, g; T is the averagmperature of the period, °C; TGC is thermal-ugribwth
coefficient.

To make the calculation of HeE suitable for a widerge of ABW and more dynamic, equation (7) ccagd
transformed as:
HeE =/ (-1.04 + 3.26 T — 0.05% (ABW/1000¥-32* (12)

Combining the equations (4) with (8) and (9), DI b& calculated as:
DE = 1.2753 (RE + HeE) (13)

Based on equation (13) combining with equations (@) and (12), MinNA can be calculated using ptedeined
digestible energy of feed (DEf) and N content iadidor a certain ABW and T.

MInNA = DE / DEf x Nyjet

= 1.2753[(8.6ABW)+ (-1.04 +3.26 T — 0.05°T[(ABW/1000Y-8%)/DEfxN e (14)

To give a yardstick for fish farmer, daily maximdeed intake (DMaxFl, g/fish/d) of fish, which meamsximal
ration when the fish are fed each hour in the ljgriod i.e. feeding level (f) = 1, need to berastied. Rasmussen
and From (1991) reported DMaxFI can be calculagdgithe equation of N balance.

DMaxFI = a x exp(bT) x ABW (15)
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Where T is temperature, °C; a, b, ¢ are calibratiomstants: a = 0.0390 + 0.0021; b = 0.0759 + ®009= 0.7246
+ 0.0316 (values and 95% confidence limits givanegfach value were from Rasmussen and From, 1991).

Successively, maximum N intake (MaxNl, g/fish) is:
MaxNI = | DMaxFl x Nyt (16)

Theoretically, actual N allotted to fish (ANA, gfi) should fall in the range between MinNA and Mbakicause
the former is based on the requirement for a gikBiV/PBW or ABWO and TGC without considering uneaten
feed, while MaxNI is maximal N intake capacity @gH beyond which the feeding practice will causeediloss
from both an economic and environmental point efwi

Ngain Can be calculated as the difference of N contettvésen ABW1 and ABWO during a certain period or
productive cycle. Bureau and others (2000) sumradrthe previous research and concluded the cruateiprof
rainbow trout of various size fed practical dietw20-22 g DPf per MJ DEf could be calculated asftillowing
equation with high R= 0.999.
CP =0.169 ABW - 0.07 a7)

Where CP is crude protein content at a given ABXisiy
Ngain Can be obtained as:
Ngain = 0.169 (ABW1-ABWO) / 6.25 (18)

At last, actual N release (ANR), minimal N releg€b#nNR) and maximal N release (MaxNR) can be calted
combining the equations (1) with (3), (14), (164 4mh8).

ANR =] DANA - 0.169 (ABW1-ABWO) / 6.25 (19)
MinNR = 1.2753((8.6ABW)+ (-1.04 +3.26 T — 0.05°] (ABW/1000f%) / DEf x

Net- 0.169 (ABW1-ABWO) / 6.25 (20)
MaxNR = | DMaxFI x Ny - 0.169 (ABW1-ABWO) / 6.25 (21)

Model overview

To facilitate the comprehension of the model, tbaceptual development is shown in Figure 1. Theitspf
GPNR are ABWO0, TGC, T, DEf, i; and DAFA when available. The outputs are MinNR MakNR estimated

by GPNR and ANR as the difference between ANA agg.NThe model can be considered dynamic because,
using Stelld”, MinNR, ANR, MaxNR can be easily estimated at daimye of the productive cycle based on
historical record of TGC, T and diet used (CHid Nye). Furthermore, GPNR can offer farmers a yardstack
distribute feed using daily maximal feed intake (BX¥1) of fish and approximate PBW which would h&pmers

to decide harvest time. From this point of views tlnodel is more friendly for its utility than othenodels (Cho,
1992; Frier and others 1995; Cho and Bureau; 1998).

Since growth rate of fish are dependent on spesiesk (genetics), nutrition, environment, hushgraind
other factors, it is essential to calculate TGCdogiven aquaculture condition using previous ghovetcords or
records obtained from similar stocks and husband®C is calculated using equation (10). ConsequeRBW is
obtained by equation (11) as shown in Figure 1.

RE is obtained as result of the equations (5) &nhdwhile HeE is calculated using equation (12)edIDE and
MinNA are the results of equation (13) and (14)pesdively. On the other hand, DMaxFl is calculatesing
equation (15) and MaxNI is obtained by equation) (26 the same time, ANA is accumulated as the sfiDAFA
multiplying by Nyie: (€quation 3).

N retained in the body is calculated using equa(it8) as the difference of N content between PBW an
ABWO. In the last step, ANR, MinNR and MaxNR is@ahted using equation (19, 20, 21).

Model evaluation

The inputs and outputs of T1, T2, T3 experimentdhdets (Zoccarato et al. 1991; 199496), carried out in the
experimental station of the Dipartimento di ScieZastecniche of Turin University, were used to fyetihe
suitability of GPNR. Successively, the proposed eloslas applied on other five experimental datagi&taned
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from published sources (Cho et al. 1991; Brauga.et995; Lanari et al. 1995; Sandi 1996; Zoccagdtal. 1995)
and one field practices.
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Fig. 1. ABWO: actual biomass weight of fish at theginning of a certain period or productive cy@®A: actual nitrogen
allotted; ANR: actual nitrogen release; DAFA: dadlgtual feed allotted; DE: digestible energy reeglitDEf: digestible energy
contained in feed; DMaxFI: daily maximal feed irtakHeE: maintenance energy at a given water temperaMinNR:
minimal nitrogen release; MaxNR: maximal nitrogatease; Ne: nitrogen content in the feed; \: nitrogen retention in
biomass; PBW: predicted biomass weight of fish givan day; RE: recovered energy; T: the averaggégature of the period,;
TGC: thermal-unit growth coefficient.

Table 1. Actual biomass N percentage (ABNP) andipted biomass N percentage (PBNP) in differenti@dbiomass weight
(ABW) in three experiments (mean + SEM)

Trial ABW () ABNP (%) PBNP (%)*

T19am. 328.0451 2.6920.14 2.70+6.16E-5
T14p.m. 338.0270 2.71+0.17 2.70+8.25E-5
T11.4% 326.061 2.68+0.13 2.7045.56E-5
T11.8% 336.0+62 2.70+0.14 2.70+3.12E-5
T2 LH (initial) 82.8+1.7 2.69+0.05 2.69+2.79E-4
T2 HH (initial) 82.1+0.22 2.65+0.06 2.69+1.13E-4
T2 LL (initial) 82.1+0.55 2.66:0.04 2.69+3.77E-5
T2 HL (initial) 83.1+0.69 2.68+0.05 2.69+9.26E-5
T2 LH (final) 247.848.6 2.72+0.09 2.70+7.40E-5
T2 HH (final) 216.046.5 2.71+0.10 2.7045.15E-5
T2 LL (final) 191.6+7.2 2.68+0.08 2.70+9.29E-5
T2 HL (final) 164.8+8.7 2.67+0.07 2.70+6.66E-5
T3 PR 277.8+11.9 2.68+0.09 2.70+5.61E-5
T3ER 284.0+9-8 2.68+0.15 2.70+4.06E-5
T3PV 290.4+4.1 2.70+0.11 2.70%5.24E-5
T3EV 302.4+16.0 2.71+0.05 2.70+7.16E-5

“Calculated using equation: (0.169 x ABW — 0.07BMA/ 6.25 x 100.
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The eight datasets were chosen on the basis efeliff feeding conditions. T1, T2 and T3 were cdrdet in
rectangular fibre glass tanks (1500 L each) wiflfow rate of 30 L/m at constant spring water tenapere 12-13
°C, oxygen content 7.8-7.9 mg/L.

T1 was designed to test the effects of meal tinaing feeding level on growth performance. In all 8idbow
trout (ABWO: 204.6 + 2.0 g) were randomly dividddllowing the experimental design 2x2 with 2 repties, into
8 groups and fed once per day at 9 a.m. or 4 gerding level was 1.4 or 1.8% of the biomass weidie
commercial diet (crude protein 43.0% as feed bd3B§DEf: 22 g/MJ) was distributed as dry pellet5(2nm). To
adjust feed supply, fish were counted and weighduobik on the 0, 21 42" and 6% day. After 63 days of trials,
10 fish from each replicate were sampled for baaiyngosition analysis. The results were analysedasdroups
(the effect of feeding time at 9 a.m. and 4 p.m.9Td&.m. and T1 4 p.m.; the effect of feeding leatel.4% and
1.8%, T1 1.4% and T1 1.8%).

T2 was designed to test the effects of densityfarding level on growth performance. In all 270hbaw
trout (ABWO: 82.5 + 0.9 g) were randomly divided]ldwing the experimental design 2x2 with 3 repigsa into
12 groups. The two density levels were 8 or 16 Rggfrinitial biomass; the two feeding levels wer8 br 2% of
the biomass weight at the beginning decreasingtmd 1.8% at the end of the experiment. The corialediet
was the same as in T1. To adjust feed supply, ieste counted and weighed in bulk every two weeksth&
beginning and end of the 84-day-trial, 10 fish freath replicate were sampled for body compositiaiysis. The
results were analysed as four groups (low density leigh feeding level, T2 LH; high density and hiigieding
level, T2 HH; low density and low feeding level, TR; high density and low feeding level, T2 HL).

In T3, two forms of diets and two feeding levelsstricted or satiation, were examined. In all 2t&dbow
trout (ABWO: 177.5 £ 8.2 g) were randomly distribdtinto 12 tanks following the experimental des?gn2 with 3
replicates. The trout were fed with two differenetd: a pelletised diet (protein content: 48.6%;f/DEf. 24.9
g/MJ) and an extruded diet (protein content: 47.BR{/DEf. 21.3 g/MJ). Feed was delivered accordimd.3% of
biomass weight or satiation twice a day. To adfastl supply, fish were counted and weighed in lmikhe O,
21% 35" and 49" day. After 49 days of trials, 10 fish from eaclplieate were sampled for body composition
analysis. The results were analysed as four gr(uegketised restricted diet, T3 PR; extruded retd diet, T3 ER,;
pelletised satiation diet, T3 PV; extruded satiatidet, T3 EV).

The experimental condition of other 5 controllegh@xments can be found in the referenced cited @bOwne
ponds (1%15x2m°) were also used for model validation. The pond wapplied with spring water which
maintained a flow rate of 30 I/m at constant sprvager temperature 12-13 °C, oxygen content 7.87Wgf.. The
fish farming condition was similar with T2 HH whidh usually practiced and TGC was assumed as 1057x1
Approximately, 90000 rainbow trout (80.00+2.58 ggrev put into the pond. Ten fish were caught to rcb®BW
and adjust feed distribution every two weeks exéepthe last weighing at the end of experimentititerval was
just one week. The productive period was 105 dagstle market weight was about 250 g/fish.

Results were used to: 1) calculate N content inrétiebow trout; 2) compare PBW and ABW,; 3) compare
MinNR and MaxNR with ANR using datasets obtained’ih T2 and T3; 4) validate of the model with thtbes
five controlled experiments and one field produttio

Statigtics

Differences between actual biomass N percentageN@ABand predicted biomass N percentage (PBNP) were
analyzed with paired t test of SPSS 12.0 (SPSS @hicago, IL, USA). The same test was used toyaratihe
differences between ANR simulated by the model thedvalues reported in five sources datasets, leetWdB\W

and ABW and between simulated ANR (sANR) and rddRArANR) in the field condition.. Values of TGCoimn
different groups were compared with ANOVA while thedation between PBW and ABW and ANR and ANR
reported by some authors were analysed by comwalgiocedure of SPSS. Differences among MinNR, M&axN
and ANR in the three experiments were analysed M)A and the univariate of SPSS.

Results

N content in the biomass weight

The average harvested fish weight of different geon T1, T2 and T3 ranged from 82.1 + 0.6 g t0.33870.1 g,
while the weight of single fish ranged from 79.50g509.0 g. The results of analysis of ABNP and PBM trout
are shown in Table 1. There is no significant défece between ABNP and PBNP; the lack of differeailmeved us
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to use PBNP to estimate ABNP. This showed that#eulation of N content in biomass, which is greduct of
ABNP x ABW or PBNP x PBW, is correct. In this way, retention in fish can be obtained as different@&lo
content between PBW (or ABW) and ABWO.

Comparison of PBW and ABW

During the experiments, each group was weighedcandted four times in T1 and T3, while seven tiine§2. For
each group, the single fish weight was obtainedhleytotal biomass weight divided by the numberisi.fUsing
ABWO and ABW1 as parameters, TGC was calculatecéamh group (Table 2). There were significant diffees
among different groups for TGC when analysed withOVA. The analysis of covariance showed ABWO had no
significant influence on different value of TGC amgogroups, which means the calculation of TGC itable for

all categories of ABWO. PBW were predicted using tlynamic model and compared with ABW (on th& and
42" day of T1, on the 14 28" 42" 56" and 78 day of T2, on the Z1land 3%' day of T3). The correlation
between PBW and ABW was 0.996 and the fitness katwleem is shown in Figure 2, which demonstrate RBW
be used if ABW is unknown.

Table 1. Actual biomass N percentage (ABNP) andipred biomass N percentage (PBNP) in differenaadbiomass weight
(ABW) in three experiments (mean + SEM)

Trial ABW (g) ABNP (%) PBNP (%)*

T19am. 328.0451 2.69:0.14 2.70+6.16E-5
T14p.m. 338.0+70 2.71+0.17 2.70+8.25E-5
T11.4% 326.0+61 2.68+0.13 2.70+5.56E-5
T11.8% 336.0+62 2.70+0.14 2.70+3.12E-5
T2 LH (initial) 82.8+1.7 2.69+0.05 2.69+2.79E-4
T2 HH (initial) 82.1+0.22 2.65+0.06 2.69+1.13E-4
T2 LL (initial) 82.1+0.55 2.6620.04 2.69+3.77E-5
T2 HL (initial) 83.1+0.69 2.68+0.05 2.69+9.26E-5
T2 LH (final) 247.8+8.6 2.72+0.09 2.70+7.40E-5
T2 HH (final) 216.046.5 2.71+0.10 2.7045.15E-5
T2 LL (final) 191.6+7.2 2.68+0.08 2.70+9.29E-5
T2 HL (final) 164.8+8.7 2.67+0.07 2.70+6.66E-5
T3PR 277.8+11.9 2.68+0.09 2.7045.61E-5
T3 ER 284.0+9-8 2.68+0.15 2.704.06E-5
T3PV 290.4+4.1 2.70+0.11 2.70%5.24E-5
T3EV 302.4+16.0 2.71+0.05 2.70+7.16E-5

Calculated using equation: (0.169 x ABW — 0.0ABW / 6.25 x 100.

Comparison of MinNR, MaxNR and ANR

The inputs and outputs of T1, T2 and T3 are sunmadrin Table 2. In T1, with similar ABWO, the fogroups had
no significant differences for ABW1, MinNR and MakRN Instead for ANR, there was significant differenc
between T1 1.8% and T1 1.4%, which confirmed higbkdfng level lead to high N release. In T2, withmikr
ABWO, the four groups didn’t show significant diféaces for MaxNR, while significant differences eebserved
for ABW1, MinNR and ANR. T2 LH had the highest ABWilhile T2 HL had the lowest MinNR. T2 LL and T2
HL had lower ANR than the other two groups. Theulissof T3 showed no significant differences for WR
among the four groups, while it was evident that féeding level at satiation caused more ANR thanréstricted
feeding level. Furthermore, the results showedefizéd diets would have higher biomass weight tzam extruded
diets when the fish were fed at satiation level.

In general, ANR fell within the range from MinNR daxNR except in T3 PR group where DPf/DEf (24.9
g/MJ) was beyond the condition from which the modetived (DPf/Def as 20-22 g/MJ). MaxNR showed no
significant differences when analysed using ABWOQyation and TGC as covariates. Using similar aialyt
procedure, the differences among ANR could notlipergated.
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Validation of the model

In Table 3, the results obtained in five sourcedatfa, confirmed that ANR generally fell within thenge of
MinNR and MaxNR irrespectively to ABWO, diet, dumat and water temperature; the proposed model sthowe
high tolerance when DPf/DEf was lower than 20-28.3and low tolerance when DPf/DEf was higher th@r22
g/MJ, in fact, ANR were less than MinNR when DPffias higher than 24.81 g/MJ.

The calculation of N release can be expressed psrgcycle of production or g per kg products. The
transformation from ANR of a single fish to N redezof a rainbow trout farm depends on the apprax@mamber
and weight of fish in the farm at the beginning @amdi of production cycles. ANR values obtained fritra five
datasets, expressed as g/kg of biomass weight geire also reported in Table 3. Moreover ANR andRAN
reported by Cho et al. (1991) and Lanari et al.6)3%re well correlated @R= 0.88).

There were no significant differences between PBW ABW in field condition, so did between sANR and
rANR (Table 4). rANR fell in the range between MIRNind MaxNR. The results in field condition showbdlt
GPNR model can simulated the rainbow trout farmirsgng the parameters of experimental records oflaim
condition.

Table 2. Comparison of MinNR, MaxNR with ANR of iagle fish in the three experiments (mean + SEM)
Group ABWO (g) ABW1 (g) Duration N TGC (x10°) MinNR () ANR () MaxNR (g)

d )

T19am. 2059+1.7F 328.1+3.5 63 6.88 1.26%0.08 5.21+0.06° 8.84+2.1%° 15.28+0.39
Tl14p.m. 203.3+1.6 337.9+144 63 6.88 1.38+0.1% 542+0.28° 8.31+1.76°  14.74+0.40
T11.4% 204.1+1.9 326.4+6.9 63 6.88 1.27+0.08 5.19+0.15% 6.92+0.46° 14.88+0.44

T11.8%  205.0+2.8 339.6+10.9 63 6.88 1.37+0.1% 5444028 10.24+05%  15.14+0.52

T2 LH 82.8+1.F  247.845.7 84 6.88 1.83+0.06 5.37+0.18° 8.58+0.1%°  12.66+0.18
T2 HH 82.1+0.7  216.045.% 84 6.88 157+0.04° 4.69+0.1f  8.07+0.1%8°  12.500.0%
T2 LL 82.1+0.6  191.6+7.2 84 6.88 1.35x0.05 4.17+0.18  4.41+0.12  12.40+0.08
T2 HL 83.120.%  164.8+7.% 84 6.88 1.06+0.08 3.58+0.1%  4.42+0.4%  12.31+0.07
T3 PR 182.0+6.8 277.8+11.9 49 7.78 1.40+0.05 5.03+0.28" 4.63x0.28  12.31+0.4¢"
T3 ER 179.9+6.8° 284.0+9.8 49 759 1.51+0.08 3.69+0.1F°  4.16+0.3%  11.650.48°
T3 PV 169.1+9.9  290.4+4.1 49 7.78 1.79x0.1%" 562+0.06 8.20+0.95  11.49+0.58

T3 EV 179.145.7¢ 302.4+16.8° 49 759 1.75+0.°1 4.02+0.28° 6.93+0.88°  11.63+0.2%

"Means in the same column not sharing common sujieirkatters are significantly differen® < 0.05.
ABWO: initial biomass weight, g; ABW1: final biomasveight, g; TGC: thermal-unit growth coefficie®NR: actual nitrogen release, g;
MinNR: minimal N release, g; MaxNR: maximum nitrogeslease, g.

Discussion

N retention in fish
N retention in biomass weight, as an important petar in the dynamic model, is difficult to defifRasmussen
(2001) reported that the estimation of body prot@mntent is more difficult and less predictablenthiaat of body



Guo et al. / International Aquatic Research 2 (2038-47 43

lipid because protein content has been observéereid increase until fingerling size is reachedrout or to

increase continuously with size. Valente and ot2@91) studied feed intake and growth of fast sliogv growing

strains of rainbow trout fed by automatic feedeardy self-feeders; the results indicated proteintent of whole
fish was not significantly influenced either by désy system or by strain of fish. Kause and otlf2892) examined
whether selection for rapid growth rate in rainbtvaut could potentially lead to correlated genetsponses in
body composition; the results showed the differsnite body composition could be mainly explained thg

difference between sexes in body size. Brauge dner® (1995) indicated protein retention was né¢céd by
dietary carbohydrate / lipid ratio treatment atr88°C. In general, feeds based upon plant progithot result in
considerable changes in fish body composition wdenpared with traditional feeds based mainly oh fieeal and
oil (Kim et al. 1998; Valente et al. 2001).
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Fig. 2. Relationship between actual biomass weigBW) and predicted biomass weight (PBW)

N retention changes during the life stages of mamwlrout and different trends had been observedrtiRasen
2001). On the contrary, after a detailed studytae related body composition in brown trout, Jonsand Jonsson
(1998) indicated that protein concentration did venty with age in immature fish. In Denmark, in erdo evaluate
feeding efficiency and to control the environmerapact of fish farming, N percentage of fish isieentionally

fixed as 3.0% of biomass weight for the facilityazficulation (Feergemand 1995), and the same vaaseused by
Doglioli et al. (2004). While in some research ffrexcentage of N retention is slightly lower thais thalue, about
2.68+0.25 % (Brauge et al. 1995; Feergemand 199%; éial. 1998; Valente et al. 2001). As far addtatainbow

trout production in concerned, Lanari et al. (1985)orted N retention resulted as 2.68+0.02 % damkbrow trout

from 106 g to 269 g. Bureau et al. (2000) summdrisgious research and conclude the CP contenstoican be
expressed in function of ABW. In this paper, theutts of T1, T2 and T3 suited for the equation Whiesulted in

the value 2.69-2.70% similar with the values margbabove.

Biomass growth estimation

At present, the most commonly used parameter toeegmgrowth rate is specific growth rate (SGR) @64 (Brett
and Groves 1979; Satoh et al. 2003). However, @B823) verified the use of the natural logarithm emestimates
the weight gain between ABW1 and ABWO used in tlécwation; the exponential form also grossly over-
estimates predicted final biomass weight. In GPN&deh, TGC formula was used and the results showet t
growth prediction using TGC suits rather well witie examined datasets. The TGC value for commoséd u
commercial diet ranged from 1.06 x3@o 1.83 x 10 depending on the density of fish, feeding level &mh
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management. The range is in agreement with TGCesataported by Cho and Bureau (1998). It is esHettti
calculate TGC for a given aquaculture conditiomgsprevious growth records or records obtained febmilar
stocks and husbandry conditions as shown in fielddition. The use of TGC, which can overcome tHecgfof
temperature (Cho and Bureau 1998), allows GPNR hmdeble for very wide feeding condition. In Tat® and
Table 3, it can be observed that with similar fegdiondition, high TGC leads to low ANR and vicesa In this
model, the oxygen (£ level, which is also an important fish growth limg factor, is not considered because
critical dissolved oxygen level is 6 mg/l (Ruohoremd Makinen 1989), while in the examined experithie¢he
oxygen content were higher than this value.

Table 3. Validation of the proposed model usingedént sources of data (mean )

Ng Min Max ANR ANR
iet :
Sources Group ABWO - ABWL (%D DPf/DEf Duration OT FCR TG% NR ANR NR  (g/kg report
(9) @ ‘u @@ O (x10°%) () fishy (kg
) (9) (g) fish) :
fish)
Zoccarato A0 775 217.4 8.46 23.52 99 125 1.23 1.41  7.40 78.019.88 77.06
and
others
1995 Al 77.2 2205 8.46 2352 99 125 1.19 1.44 751 56019.91 73.69
A2 774 2258 8.46 23.52 99 125 1.18 1.48  7.69 811020.05 72.84
Sandi,
1996 High 40.0 263.3 8.26 23.00 128 125 0.95 1.87 8.83.50 21.75 51.50
Medium  39.1 229.2 6.85 21.00 128 125 1.12 1.7 6.10 9.48.241 49.66
Low 39.1 200.8 6.19 19.00 128 125 111 154 458746 13.73 41.68
Brauge HC 56.0 120.4 7.06 26.47 84 8.0 1.10 1.65 3.28 3.Z663 50.62
and
others
1995 MC 56.0 1265 6.86 24.88 84 80 100 178 297 2941 4156
LC 56.0 123.3 6.85 24.81 84 8.0 1.00 1.71 295 27839 41.46
HC 53.0 159.6 7.06 24.54 84 180 1.10 1.1 5.18 5.29.02 50.56
MC 53.0 166.2 6.86 22.28 84 180 110 115 452 95.46.65 48.45
LC 53.0 1745 6.85 22.47 84 180 110 121  4.86 75.86.82 48.31
Lanari V1 1070 2410 586 18.70 86 129 1.30 133  4.10596.13.22 49.18 46.00
and 47.60

others
19958 V2 106.0 249.0 6.24 19.90 86 129 1.30 1.4 490 37.14.27 54.06

V3 106.0 2690 6.88 21.30 86 129 120 155 577059.16.26 5552 49.70
va 1756 3123 630 16.30 56 132 094 16 250 04.41.94 32.19 2990
V5 1759 3210 672 17.20 56 132 090 168  2.89854.12.95 33.43 29.80
V6 1762 3356 7.20 18.20 56 132 0.84 182 3.44335.14.1 33.44 2910

Cho Brown 9.02 22.69 6.93 22.00 84 8.11 1.02 1.10 05260 1.99 43.89 4801
and
others
199 Rainbow 1.00 101.0 7.04 22.00 140 15.0.83 1.74 241 316 7.93 31.6038.55

Verification of the model using experiments witllifferent levels of dietary avoparcin: A0, A1, A@orresponding 0, 40, 80 mg/kg of DM
respectively? different levels of DPf/DEF different levels of carbohydrate and temperatfdifferent levels of vegetable ingredients: V1, V2,
V3, V4, V5, V6 corresponding; 604, 563, 520, 4722 4355 g/kg of DM respectively: different trout speciesandduratio.

N release simulation

The estimation of N release in the eight experimesitowed GPNR was able to calculate MinNR, ANR and
MaxNR for different feeding conditions in rainbowtit production. In this model, the N release vaitisingle fish
were calculated assuming that growth rates and fdledted were constant within the period betwewmw t
subsequent weighs. Generally, a rainbow trout fagndycle starts at 25 g and ends to a portion afz250 g.
GPNR model can dynamically indicate PBW and NR myifiarming cycle of rainbow trout. Generally, th&lR
values in Table 3 were similar with those reporbgdthe authors (Cho et al. 1991; Lanari et al. )98%d the
minimal differences between them, which were duditierent methods of measurements and N retentines,
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were not significantR < 0.05) and Rbetween ANR and ANR reported was (0.88). Thisltesas in agreement
with Roque d’Orbcastel et al. (2008), who repotteat the measured values of total nitrogen in ffieents of trout
farming and the predicted values by nutrient batawere well correlated (R 0.88). Nevertheless it should be
noticed that there were large differences betwdamR and MaxNR, which means that the extra NR (ANR
MinNR) has a wide range and should be mitigatedmasll as possible. Even if it is difficult to rea8hinNR,
farmers or technicians should always pay more titterio feed allotted and growth performance ehfso as to
approximate ANR to MinNR.

In agreement with ERM/AB-DLO (1999) concept, GPNRdal simulates gross N release regardless ABWO,
feed characteristics, duration and T. The simulat@des were in the accordance with those repdrte®oque
d'Orbcastel et al. (2008). The utilization of GPNRodel also allows us to neglect various forms ofai
denitrification process. The advantage of GPNRh& tt can simulate N release at any time of pridoccycles.
Water authority can calculate MinNR and MaxNR oisérg or future rainbow trout farms according t® previous
record or record of similar condition to estimateieonmental N load as well as to assure the quafitproducts.
While fish farmers can use the indication of DMFidadecide on the quantity of feed allotted to fisksed on
predetermined ratio between DAFA and DMFI to estexBW and harvest time.

Even though the range of DPf/IDEf (20-22 g/MJ), Whiwas derived from Cho and Bureau (1998), was
relatively narrow, verification results showed #shrather high tolerance; these make GPNR usefal flexible
inexpensive managerial tool to apply the best mamemt practice in trout farming as suggested bydB@p03).
However, further study should be made to extendfication of the model to a wider range of fegdtondition,
in particular to diets with DPf/DEf higher than 84.g/MJ.

The major inputs were ABWO, TGC, T, DEf,4N and DAFA. In GPNR, ABW/PBW was obtained using
ABWO and TGC. The amount of N retention in biomessld be calculated as N content in biomass gainNR
was estimated based on energy requirement of fitlh avgiven TGC and ABWO. ANR was calculated as the
difference between N content in the feed allottefigh and N retention in the body, while MaxNR wadculated
assuming feeding level is 1.

The datasets of eight experiments and one fieldymmion were used to verify the dynamic model. Resu
showed that GPNR can simulate biomass weight arelddse at any time of production cycle regardidg$seding
condition. Furthermore, DMaxFI| provides a yardstfck fish farmers in practice. Bearing in mind thkege
difference between MaxNR and MinNR, water authesitand farmers can greatly reduce N load to enviemt
and approximate ANR to MinNR without influencingtii farming productivity and profitability.

In conclusion, even if the estimation of N balamedfish is, from a metabolic point of view, a cornalte
procedure due to the different N forms (N releabgdeed waste, faeces or gills), GPNR, which isebasn a
widely used nutritional balance in trout farmingpyided a simple tool to estimate fish biomass Wweignd N
release in rainbow trout production. GPNR will eleatechnicians to dynamically calculate N load meieonment
and apply the EU rules in order to protect the mmvinent; it can also help farmers to evaluate agtipnoduction
and keep the development of fish farming productiostainable. Obviously, the accurate estimatioreaf N fate
in environment requires further study in particidancerning the denitrification process.
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