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General Introduction

General Introduction

Aquaculture continues to be the fastest-growingdéingoroducing foods from animal origin with an
average annual growth rate of 5.3% in volume tefrosm 2003-2008 and it is expected that
aguaculture will meet more than 50% of global fdmth consumption by 2012 (FAO, 2010a,b).
Total aquaculture production in 2008 (exclusiveaguplants) is divided in 60% from freshwater
and 40% from brackish and marine waters. Therelpgscare the most cultured fish species by
volume (39%) followed by other freshwater fish @splly tilapias) and salmonids (FAO 2010b).
Regarding marine fish the flatfish production iraged significantly (from 26.3 mt in 2000 to 148.8
mt in 2008), whereat turboPgetta maxima), bastard halibutRaralichthys olivaceus) and tongue
sole Cynoglossus semilaevis) represent the major species concerned (FAO, 201®&urope the
production of turbot, a species of high commergalue, rapidly developed over the last decade
and is highest among flatfishes (Brown, 2002; Cesrtlal., 2010; FAO, 2005-2012; Person Le-
Ruyet, 2002). Turbot aquaculture commenced in ®é04 in Scotland (UK). Being a species
originally native to Europe it is mainly farmed aountries of the European Union (especially
Spain, France and Portugal), but has also beeodunted to other regions (FAO, 2005-2012). In
China, for example, aquaculture of turbot has redcén annual level of 50000-60000 tonnes in
recent years, which is about seven times the wihlre production in Europe (FAO, 2010a).
Turbot are either reared in on-shore tanks usimg-through systems (the most common technique
for that species) or flat-bottomed off-shore ca@geaO, 2005-2012; Person Le-Ruyet, 2002).
However, in land-based farms recirculation systanesnow developing rapidly (Person Le-Ruyet,
2002). Commercial turbot feed prices amounted 9@ihfes (2003) and the production cost for on-
growing fish is about 5-6 €/kg in tanks and 5 €fRgcages (FAO, 2005-2012). Considering an
expected increase in turbot production accompanigk decreasing market prices (Person Le-
Ruyet, 2002), it is of highest relevance to improe production efficiency of turbot farming to
maintain an adequate profit margin. Feed efficieiscg crucial factor, because feeds represent a
minimum of 17% of the total production costs (Parée-Ruyet, 2002). In addition to the energy
required for maintenance the feed must supply tleeyssors for growth and consequently the
energy necessary for the synthesis and depositibody protein and lipid. Therefore, information
about the maintenance energy requirement and flweaty of energy utilization for growth is
important for a growth-related feeding and a cqoesling diet formulation to improve
productivity and profitability of aquaculture (Lugsah, 2009). The latter author noted that proper
feed management is also crucial with regard torenmental aspects, since feed that is neither

consumed nor available to the fish will be lostite aquatic environment.



General Introduction

The study of the balance among dietary energy étakpenditure and gain is called nutritional
energetics or bioenergetics (Bureau et al., 2008 motivation of studies on bioenergetics of
animals is to provide the physiological framewaok the research of relationships between feeding
rates and growth rates of fish subjected to diffeemvironmental conditions (Jobling, 1994). Thus,
results from bioenergetics can help to predict ghoand contribute to the development of feeding
systems as well as to diet formulation and evadmatit is a convention to express energy
requirements as the amount of digestible energykgebody weight (BW) or metabolic body
weight (MBW) per day for different types of phydicactivity, metabolic processes or growth
(Glencross, 2008; Hatlen et al., 2007; Helland.e2810; Lupatsch et al., 2003; Ohta & Watanabe,
1996; Watanabe et al., 2000a,b). Results of enesguirements are highly dependent on the
specific conditions in the study (body weight, setivity and physiological state of fish;
environment; intake and nutritional value of feetiherefore, energy requirements are calculated
for defined levels of performance (e.g. maintenamrewth or swimming activity) according to
factorial approaches (Bureau et al., 2002).

Energy flow in the fish is commonly presented byritionists based on the the energy partition
scheme and nomenclature (Fig. 0-1). Thereby thestilge energy (DE) is defined as energy intake
minus the energy losses by feces (e.g., undigdsesd] epithelial cells, parts of the microflora
inhabiting the digestive tract) representing adyegstimate of ,available* energy to the animahtha
gross energy (GE) of feeds and ingredients (Choaudik, 1990). Fecal energy usually ranges
between 15-30% of ingested energy for fish fed tpralcdiets and is a significant loss of energy
(NRC, 2011). Different factors such as feed contpmsiand processing, feeding rate, water
temperature, salinity, fish size and feeding freapyeare known to affect fecal losses, whereat the
composition of the diet is the dominant factor (iah) 1994; Krogdahl et al., 2004; NRC, 2011;
Ringg, 1991; Storebakken et al., 1998). Determiniingestibility of feed in animals requires
collection of the fecal material. Because totallexilon of feces in aquatic animals is difficult
indirect methods are widely used in most specidarafied fish (NRC, 2011). This method relies on
the collection of a representative sample of fehasis free of uneaten feed particles and theofise
a nontoxic, inert, indigestible digestion markeig(echromic oxide or titanium dioxide) added to
the feed (NRC, 2011). Digestibility of nutrientsdagnergy can be estimated from the relative
enrichment of the marker in the feces comparech& doncentration in the feed (NRC, 2011).
Therefore, the apparent digestibility (AD) of natrts and energy in feeds can be calculated using

the following equation:

Apparent digestibility = 1- [(On feed / Gin feces) x (G of feces / G of feed)]
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where G is the concentration of the marker angltle concentration of nutrients or energy. Fecal
collection with the indirect method can be donainactive (e.g., by manual stripping, dissection)
or passive (e.g., by settling, siphoning, nettimgnner.

Fish excrete products of nutrient catabolism, nyaarhmonia, via their gills and the urine. The
excretion of ammonia and other types of combustilidgerials, such as urea, creatinine, glucose,
amino acids, trimethylamine (TMA) and trimethylamioxide (TMAO) results in energy losses
that must be accounted in the energy budget. Sadbisty these non-fecal losses from DE results in
an estimate of the metabolizable energy (ME) valuthe diet. Nitrogenous wastes represent the
bulk of non-fecal energy losses of fish (NRC, 20JApproximately 85% of nitrogenous wastes
excreted by fish, including turbot, is contributeglammonia, whereas urea usually contributes less
than 15% (Dosdat et al., 1995b; Kaushik & Cowey91)9To quantify the non-fecal energy losses
the monitoring of nitrogen (N) excretion in the w@abf the rearing system is a commonly used
approach (Bureau et al., 2002). Kaushik (1980) 2oddat et al. (1995a) determined N excretion
rates in fish using an autoanalyzer. This methtmal continuous monitoring of ammonia and urea
N excretion under normal physiological conditioKashik et al., 1982). Furthermore, Dosdat et
al. (1995a) showed that using pooled samples falyais yields similar results than continuous
sampling.

Because direct measurement of branchial and uriNaexcretion is very difficult, the use of an
indirect method has been recommended as an altern@ho & Kaushik, 1985). Using this
approach, the sum of branchial and urinary N ekameis estimated by the difference between
digestible N intake and retained N. Thereby therggndoss associated with N excretion can be
calculated using the energetic equivalents of 84.§* ammonia N and 23.1 kJ'qirea N (Elliott

& Davison, 1975). Based on the assumption that &6%is excreted as urea and 85% as ammonia
(Dosdat et al., 1995b) the energetic equivalert4o6 kJ ¢ non-fecal N can be calculated. Cho &
Kaushik (1990) proposed a value of 24.9 kJ mpn-fecal N excreted by fish under normal
conditions due to the predominantly amount of amma@md small energetic differences between
urea N and ammonia N. Estimates of non-fecal lossesvariable, but their contribution to the
energy budget of fish is commonly in the range -@%8 of DE or ME intake (Bureau et al., 2002;
Kaushik, 1998; Kaushik & Médale, 1994).
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Gross Energy (GE)

Faecal Energy (FE) «—
Digestible Energy (DE)

Branchial Energy (ZE) «—
Urinary Energy (UE) «———
Metabolizable Energy (ME)

Activity < » Heat Increment
of Feeding (HIE)

Basal Metabolism «——

Retained Energy (RE)

Fig. 0-1. Schematic representation of the enemy th the fish modified after NRC (1981)

Heat is released by animals as a consequence ofgamération and -hydrolysis related to the
metabolic transformation of dietary substrates tigsue components, due to tissue turnover as well
as physical activity (Bureau et al., 2002; NRC, POITotal heat losses of an animal are also
commonly denoted as ,metabolic rate* (Kleiber, 19%8hich actually represents a much broader
term. Hence, the metabolic rate is an indicatiothefintensity of ongoing metabolic reactions and
varies dependent on the qualitative and quantéatitakes of energy and nutrient and the activity
of the animal (Bureau et al., 2002; NRC, 2011).er#fg to the aspects mentioned above the
energy balance can be determined either by megstirenheat production or by determination of
the change in total body energy content by weighd svhole-body chemical analysis. Heat
production can be measured by direct and indir@ctrienetry. Direct calorimetry measures the heat
dissipated by an animal (conduction, convectionadiant), whereas indirect calorimetry generally
using the measurement of respiration (oxygen coptiom carbon dioxide production) and include
the monitoring of N excretion by the animal (Burestual., 2002). Van Ginneken et al. (1997)
showed that results of the mean heat productiore wemparable when using either direct or
indirect calorimetry. For bioenergetic studiesighfthe indirect calorimetric method is considered
to be reliable and additionally more practical &5 expensive than direct calorimetry (Bureau et
al., 2002). In the majority of studies with fisharbon dioxide production is ignored and only
oxygen consumption is measured (Bureau et al., 200 latter authors noted that the amount of
heat produced for each liter of oxygen (oxycalorigoefficient) used show small differences (<
10%) between oxidized lipid, carbohydrate and pnoteBecause a large proportion of the heat
produced by fish is derived from the catabolismaofino acids and lipids as well as considering

that fish are mainly ammoniotelic, the value of 4%&J L* oxygen (13.6 kJ § oxygen) was
4



General Introduction

commonly used to estimate heat production of f&ho( & Kaushik, 1990; Elliott & Davison, 1975;
Hatlen et al., 2007; Helland et al., 2010). It mostnoted that a complete description of the energy
balance of the fish additionally requires the mement of food intake together with fecal and non-
fecal losses to allow the energy partitioning oa lilasis of DE or ME intake (Bureau et al., 2002).
For practical purposes it is not always feasibleeasure heat losses because of the complexity and
cost of fish respirometry (Bureau et al., 2002)efHEfiore, a simple method based on comparative
slaughter data can be applied (Blaxter, 1967; Ch&atshik, 1985). Using this method, at the
beginning (reference group) and at the end (expariah groups) of the experiment the heats of
combustion of the whole bodies of sampled fish detéermined and the retained energy (RE)
calculated by difference. Heat production is estaddy the difference between ME intake and RE.
The minimum rate of metabolic activity needed tstain the structure and function of the body
tissues (e.g., circulation of the blood, repair amplacement of cells, membrane transport of ions,
muscle tonus) is commonly denoted as basal mesab@Bureau et al., 2002; NRC, 2011; Jobling,
1994). Feed intake increases the metabolic ratealertra energy required for ingestion, digestion
and utilization of dietary components. This inceeastermed ,heat increment of feeding” (HIE) or
~Specific Dynamic Action* (SDA) (Bureau et al., 200McCue, 2006). Due to higher muscle tone
physical activity increases metabolic rate, as .wéhlhe latter three components of animal
metabolism lead to the release of energy by hedtcansequently being not available for growth.
To achieve a meaningful assessment of basal metabilis necessary to measure heat production
free of any influencing factors, e.g., changes nrinmental temperature, spontaneous activity
and SDA (NRC, 2011). However, what is usually meagun fish studies under aquaculture
conditions is the ,fasting metabolic rate” considgrresting fish in a post-absorptive condition and
including spontaneous activity (Jobling, 1994; NRQ11). Determination of oxygen consumption
of free-swimming fish fasted for three to sevensdesythe most common approach for estimating
fasting metabolic rate (Kaushik & Médale, 1994).cbmtrast, the term ,routine metabolic rate” is
stated when defining metabolic rate of fed fish@imal activity without stress (Jobling, 1994).
Maintenance energy requirement and basal metab@remwo closely related but distinct terms
(NRC, 2011). The maintenance energy requiremenmt®t and ME (DE,; ME) are generally
defined as the amount of DE or ME required to namizero energy balance (RE = 0). This
amount of energy is the basal metabolism plus #a ncrement associated with the absorption
and utilization of nutrients from feed to prevenesggy losses during fasting (Bureau et al., 2002).
The most commonly used method for estimating,@E ME,, based on feeding fish at different
levels accompanied by the determination of theggnbalance and using regression analysis of RE

as a function of DE or ME intake (Bureau et ab02). Thereby DE and ME, are represented by

5
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the x-intercepts and the efficiencies of DE and MEgrowth (k oey kg (ve) are defined by the
slopes of the lines. The “factoring” of the requments for maintenance and growth with this
method, termed “The factorial approach”, was exgicgeviewed by Lupatsch (2009).4Kpg) as
well as k ey Seems to be constant and independent of fish weigding level and species, but
DE,, and ME, expressed per metabolic BW are species specifipdisch et al., 2003; Lupatsch,
2009). However, Imsland & Jonassen (2001) showed tiere are also differences in energy
utilization between distinct strains of one speci€sirthermore, several studies reported an
influence on energy utilization when fish meal weplaced by plant protein sources (Burel et al.,
2000; Kissil et al., 2000; Morales et al., 1994@virtheless, the factorial approach has succegsfull
been applied in several fish species (Azevedo.efl898, 2005; Booth et al., 2010; Bureau et al.,
2006; Glencross, 2008; Hatlen et al., 2007; Hellstdal.,, 2010; Lupatsch et al., 2003;
Rodehutscord & Pfeffer, 1999; Watanabe et al., 20@000b) and allows to calculate the energy
budget that essentially quantifies the energy thke heeds to achieve their anticipated growth
(Lupatsch, 2009).

Growth in teleost fish can be affected by ecoldgaiaiotic factors whereat salinity is a typical
feature regarding the aquatic environment. Marly $igecies, freshwater as well as seawater, have
been investigated and numerous studies show thaitysalearly influences growth in fish (Boeuf

& Payan, 2001). Fish are required to expend a icegmount of energy in order to meet the
metabolic costs of ionic and osmotic regulationn§amuently, it has been hypothesized that if the
external environment were manipulated to ensuredtaction of the metabolic costs of iono- and
osmoregulation to a minimum, growth and feed wtian of fish is improved. Metabolic costs
would be expected to be minimized when fish aré heiso-ionic and iso-osmotic media (Boeuf &
Payan, 2001; Jobling, 1994). There are conflictegylts in the literature (Morgan & Iwama, 1991)
regarding the effects of an isotonic salinity oe thetabolic rate and growth of fish in general as
well as in turbot in particular. On the one harwjtine metabolic rate in turbot was observed to be
minimal at salinities between 8-10 ¢ [(Waller, 1992; Gaumet et al., 1995) which classifiurbot
among fish, such as rainbow trout and tilapia, wathminimal energetical level in isotonic
conditions (Nordlie et al., 1991). On the otherdhahang et al. (2006) showed a similar metabolic
rate at different salinities after 48 h of adaptiBarthermore, juvenile turbot showing best growth
and feed conversion efficiency at intermediatengidis (15-20 g L), especially between 16-21 °C
(Beouf et al., 1999; Gaumet et al., 1995; Imslanadl.e 2001). Recent experiments indicate that the
energetic cost of iono- and osmoregulation in fesmains under debate, ranging from 10 to > 50%
of total energy budget (Boeuf & Payan, 2001). & kabe considered that any attempt to quantify
this cost is probably affected by other factorgy.(efeed intake, hormonal changes affecting

6
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metabolic processes, activity, feed digestibilit§jich respond to changes in salinity as well (Boeuf
& Payan, 2001; Morgan & Iwama, 1991).

Conventional bioenergetic models (e.g., the faat@pproach) are widely used to investigate the
nutrient and energy utilization by fish (Azevedakt 1998, 2005; Booth et al., 2010; Bureau ¢t al.
2006; Glencross, 2008; Hatlen et al., 2007; Hellatdal., 2010; Lupatsch et al., 2003;
Rodehutscord & Pfeffer, 1999), but their limitatoneed to be recognized. In general, considering
only the sum of nutrients solely on the basis dirttenergy value does not allow a complete
evaluation of the effect of chemical compositiontbé feed and efficiency of use of specific
nutrients (NRC, 2011). One of the practical limdas of conventional bioenergetic models is that
they assume that energy is allocated in a hiereatHtiashion and that growth is the surplus of
energy after all other components of the energygbtilave been satisfied (Elliot & Hurley, 1999).
Models based on bioenergetic principles assumegiuatth and feed efficiency will be nil when
animals are fed a maintenance ration (RE = 0). &hatimption has been proven inaccurate in fish,
as well as in other animals, where positive wegghh was still observed even though animals were
fed on a maintenance ration of a nutritionally adeq diet (Bureau et al., 2006). Live weight gain
is mainly (but not solely) driven by protein degmsi due to the related association of water
(Dumas et al., 2007; Shearer, 1994), and lipids lmammobilized to support protein deposition
(Bureau et al., 2006). Conventional bioenergeticlel® commonly rely on estimates of the cost of
growth calculated empirically based on statistingdrpretation of experimental data, such as direct
relationships between daily lysine or energy intake daily growth (Birkett & de Lange, 2001;
NRC, 2011). Application of such empirical models lisited to animal, environmental and
management conditions, i.g., how much of the eneagy is truly due to “biological inefficiencies”
or simply due to the fact that animals are fed deguate” diets is not known. Furthermore, these
empirical estimates cannot be legitimately extrafgml to conditions beyond which data are
collected (France & Thornley, 1984). The latter misdoffer little insight into the mechanistic
biological principles (metabolism of absorbed rents) as well, of which the measured
performance is a consequence (Birkett & de Langé1p

In contrast to the empirical approach, highly caempiechanistic biochemical models have been
developed to simulate nutrient metabolism at theslleof individual tissues, using differential
equations to represent (non-causally) relationshipsveen the various metabolite flow rates
(Birkett & de Lange, 2001; NRC, 2011). In practioeechanistic models are not easy to use
effectively to predict whole animal response, beeathe construction of these models requires
adequate knowledge of the system; especially orotganizational level (cellular, whole animal,

animal groups) the model is primarily designedédpresent, and relies on sufficient and accurate

7
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data to quantify the perceived system (Baldwin,5t®irkett & de Lange, 2001). The process of
parameterization can be a major bottleneck in theeldpment and application of complex
mechanistic models (Dumas et al., 2010). Consetyjeall biochemical models have been
developed with some degree of simplification of abelic pathways, have included numerous
assumptions and have been generally driven by miotess transparent partitioning rules (NRC,
2011). However, biochemical models can provide aasgary and undesirable details, which make
them often more complex than what is required es@nt growth at the whole animal level (Birkett
& de Lange, 2001). Furthermore, the large numberashmeters that must be estimated, in some
instances without solid experimental observatidingis the predictive flexibility and applicability

to describe nutrient utilization by fish as infleexd by a wide range of conditions (differences in
feed composition, environmental conditions, hushbangractices, life stages and genetic
background of animals) encountered in fish cultareeakness shared with the empirical approach
(Birkett & de Lange, 2001). Despite its limitatigrthe factorial approach is still common in
bioenergetics (Dumas et al., 2008).

Referring to the different aspects mentioned inghevious sections, with special focus on turbot
aguaculture, the present experiments intended terrdme the maintenance energy requirements
(DEmn and ME;) and the efficiencies of energy utilization foowth (k gy and k ) as well as
the effects of biotic (fish strain, dietary protesnurce) and abiotic (salinity) factors on thedatt
parameters and total energy budget in order toigedvasic data applicable for the development of
adequate feeding charts in turbot aquaculture. ma&thodical different experiments were realized.
A 1% one using a common growth trial in combinationtvilie comparative slaughter technique and
considering the influence of turbot strain as veallthe partial replacement of fish meal by wheat
gluten ¢thapter 1). The 29 experiment applied respirometry to examine if tbgults are similar to
the £' experiment and respirometry is suitable to deteenE,, MEn, Kq o) and k e in turbot
(chapter 2). Additionally, the 2° experiment also considered the influence of dgliom the energy

metabolism.
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Abstract

Restricted ration levelexperiments were realized to determine the grosgestible and
metabilizable energy requirements for maintenar®g,( DE.,; ME,) and the efficiencies of
energy utilization for growth ¢kcey Kg (oey Kg (vey) in juvenile turbot. The effects of the fish strai
(Denmark, DK; Iceland, IS) as well as the partegdlacement of fish meal by wheat gluten in the
diet were examined as possible factors affectiegetiergy metabolism. Turbot (initial body weight
499g) were reared in a recirculation aquaculturéesyssupplied with seawater at a temperature of
17 £ 0.6 °C and 26 + 1.2 ppt salinity for 67 dapwo diets, differing in wheat gluten content (80 g
or 330 g kg diet) were fed at six increasing feeding levelenf near maintenance &l libitum
levels, once a day per hand. Chemical compositt@hemergy content of body weight gain were
determined by using the comparative slaughter igalen Linear regression analyses were applied
to obtain G, DEyw, MEn, Ky ce) Kg 0£) and k (ve).

GEn, DE, and ME, were 21.6-29.8, 17.0-23.5 and 15.5-21.4 k%, respectively, andgce)

kg opyand kg ey were 0.46-0.49, 0.59-0.64 and 0.63-0.68, respalgtiwalues for Gk, DE, and
MEnm as well as for ey Ky os)and k ey in turbot from IS were significantly higher thamfish
from DK, but without any effect on energy retentianhigh feeding levels. Turbot receiving the
diet where fish meal was partially replaced by wighaten showed higher GEDE;,, and ME, as
well. No effect on energy retention at high feediegels was observed again. It is concluded that
differences in energy metabolism between strainghiribe considered when selecting turbot for

aguaculture production.
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1. Introduction

Information on energy requirements and efficien@égnergy utilization in cultured fish species
allow for scientifically based strategies for fdedmulation and feeding regimes to ensure efficient
production (Bureau et al., 2002). In Europe, thadpction of turbot, a species of high commercial
value, rapidly developed over the last decade arfdghest among flatfishes (Cerda et al., 2010;
FAO, 2011; Person Le-Ruyet, 2002). Neverthelessildd information on energy requirement and
energy utilization of turbot is limited and mainigerived from experiments with indirect
calorimetry (Brown et al.,, 1984; Mallekh & Lagarder2002; Waller, 1992). One method to
guantify and separate the nutritional requiremémtsnaintenance and growth in aquaculture, noted
as factorial approach, was described by severabasifHuisman, 1976; Lupatsch, 2009): Fish are
fed restricted ration levels (RRL) and energy reten(RE) is regressed against digestible energy
(DE) or metabolizable energy (ME) intake, where @BME requirements for maintenance (RE
ME,,) are defined as intakes at RE = 0 and the effooésnof energy utilization for growth above
maintenance Koey, Ky (vey) as the slopes. This method was applied in seVistalspecies e.qg.
Atlantic salmon $almo salar), gilthead seabreamGilthead seabream), European seabass
(Dicentrarchus labrax), white grouperEpinephelus aeneus), rainbow trout ©ncorhynchus mykiss),
Atlantic cod Gadus morhua), barramundi l(ates calcarifer) and yellowtail kingfish eriola
qguinqueradiata) (Azevedo et al., 1998, 2005; Booth et al., 20B0reau et al., 2006; Glencross,
2008; Hatlen et al., 2007; Helland et al., 2010patsch et al., 2003; Rodehutscord & Pfeffer, 1999;
Watanabe et al., 2000a, 2000b).

Imsland & Jonassen (2001) indicated that theredéferences in energy utilization and growth
performance between various strains of wild turbiicks. The latter study suggested that the
observed differences were caused by the adaptiodifterent environmental conditions (e.g.
compensation of a shorter growing season by higtmwuth performance).

Furthermore, energy utilization in fish can be etiéel when replacing fish meal by plant protein
sources (Burel et al., 2000; Kissil et al., 2000ordes et al., 1994). Wheat gluten (WG) is
commonly used in fish diets due to high proteinteats, low amounts of fibre and anti-nutritional
factors as well as a high apparent digestibilitpr{8ldo et al., 2011; NRC, 2011; Robaina et al.,
1999). It is included in turbot diets up to levad 23% without negative effects on growth
performance (Fournier et al., 2004). WG is knowinave a lower biological value of protein than
fish meal and lysine represents the first limitangino acid (Kaushik & Seiliez, 2010). Therefore,
replacing fish meal by WG in fish diets reduce mgsintake (Helland & Grisdale-Helland, 2006). It
was shown that a deficient dietary lysine intakaratadequate energy supply could change energy

partitioning of weight gain in fish due to a de@ean protein and an increase in lipid deposition
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(Cheng et al., 2003; Rodehutscord et al., 1997%)edtigations in poultry by Nieto et al. (1995)
showed that & gy increased as protein to lipid ratio of weight galecreased. The authors
suggested that this effect might be attributabless energy requirements and higher RE associated
with lipid deposition than protein deposition. Atidnally, they reported that both ey and ME,
decreased inversely to the dietary protein quality.

The present study aimed to determine the maintenanergy requirement for gross energy (GE
DE, and ME, as well as the corresponding efficiencies of eyartjization for growth above
maintenance Key Kg (or) and kg (e in juvenile turbot using the factorial approactddn test
whether the strain of fish and the partially replaent of fish meal by wheat gluten affects energy

metabolism.

2. Material and methods
2.1 Fish

Juvenile turbotRsetta maxima, L.) of two different strains (Denmark; Icelandgne used for the
experiment. Danish individuals (DK) were receivedni the hatchery Maximus A/S (Bedsted,
Denmark) and Icelandic ones (IS) from Marine Redednstitute (MRI, Grindavik, Iceland). DK
descended from a domestic Norwegian broodstockrealselS from an Icelandic broodstock (wild
and domestic). Fish were transferred to the redanijjties of Gesellschaft fir Marine Aquakultur,
GMA (Buisum, Germany) on J%eptember (DK) and 2%ctober (IS) in 2009, respectively.

2.2 Experimental Diets

Two diets were formulated: a fish meal based diahd a fish meal reduced diet B, which partially
replaced fish meal (255 g Kgliet) with wheat gluten. Diet A and B were formteld to be similar

in gross energy (GE), nitrogen (N) and lipid contdteferring to Peres & Oliva-Teles (2008) the
two diets were formulated to meet the indispensanieno acid (IAA) requirements of turbot
except diet B where the lysine content in crudeginowas slightly lower (4.5 g 16gN) than
recommended (5.0 g 16*gN). Titanium dioxide (10 g k§ was added to the diets as an inert
marker to determine the digestibility of the diddetailed information about feed components and
chemical composition of the experimental dietsgiven in Table 1-1. Diets were pelleted (4 mm
diameter; pellet press 14-175, AMANDUS KAHL GmbH®@». KG, Hamburg, Germany).
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Table 1-1:

Feed components and chemical composition of theremental diets (g or MJ Kj

Diet A Diet B
Feed components
Herring fish meal LT 748 493
Fish oif 75 90
Wheat starch (pregelatiniz&d) 80 70
Wheat gluteh 80 330
Vitamin premix 35 35
Mineral premix 35 35
Titanium dioxide (TiQ)° 10 10
Chemical composition
Dry matter (DM) 941 940
In DM
Crude protein (N x 6.25) 617 643
Indispensable amino acids
Arg 38 34
Lys 40 29
His 14 14
lle 25 25
Leu 44 45
Val 30 29
Met 16 14
Phe 25 24
Thr 25 22
Trg 5.4 5.6
Crude lipid 172 169
Crude ash 146 108
Gross energy (GE) 22.5 23.1
Digestible energy (DE) 17.7 18.2
DCP:DE (g M3J) 30.3 31.9
Ca 36 25
P 22 15
TiO) 10 10

#Vereinigte Fischmehlwerke Cuxhaven GmbH & Co. Kaxhaven, Germany;
[fish meal made from herring offal: DM, Crude priatecrude lipid, crude ash = 948; 724, 127, 114d .k
respectively; LT = low-temperature cooking andingy(80-90 °C)]

b Kroner Starke — H. Kroner GmbH, Ibbenbiiren, Gelynéwheat gluten: DM, Crude protein = 920, 780 g'kg
respectively)

¢ MicroMineral (supply per kilogram of diet): 1.4 n@pSQ; 8.75 mg MnSQ 1.75 mg Cat 8.75 mg CuS@ 0.09 mg
Se

dvitamin Standard (supply per kilogram of diet): 830U. vitamin A; 700 I.U. vitamin D3; 140 mg vitamE (alpha-
Tocopherol-acetate); 14 mg vitamin K3 (Menadjodd mg vitamin B1; 28 mg vitamin B2; 14 mg vitanB6; 0.03
mg vitamin B12; 210 mg vitamin C (Monophosphag8;mg vitamin B3; 140 mg vitamin B7; 5.60 mg FadAcid;
0.35 mg Biotin; 140 mg Inositol; 700 mg Betain-gdiate; 98 mg ZnSg) 140 mg Etoxyquin
(contents of vitamins, minerals and additivesgecified by the manufacturer)

€ Kronos Titan GmbH & Co.0HG, Nordenham, Germany
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"Hydrated (non-protein-bound) form of amino acids

9 Determined in the present study
DCP = digestible crude protein (determined m phesent study)

" Estimated from Trp content of feed components$infisal (6.5 g kg; analyzed by VDLUFA ITL GmbH, Kiel,
Germany), wheat gluten (7.2 gkqnalyzed by Evonik Degussa GmbH, Hanau, Germanp)was determined by
HPLC with fluorescence detection (extinction 280, emission 356 nm), after alkaline hydrolysighwiarium
hydroxide octahydrate for 20 h at 110°C (Comiuis®irective 45/EC, 2000)

' Calculated by: Ti@= Ti x 1.67

2.3 Experimental Conditions

The experiment was carried out in 54 tanks (14Bdttom surface: 0.27 hconnected to a closed
recirculation aquaculture system (RAS) equippechveedimentation tank (~ 300 L), skimmer,
moving bed biofilter (~ 648 L), UV-sterilizer, sump 2064 L) and pumps at Gesellschaft fur
Marine Aquakultur (Bisum, Germany). The RRL desigriuding six feeding levels (I-VI), which
corresponded to a daily feed supply of 0.3, 0.6, 0.2 and 1.5% of body weight (BW) was
applied. Additional experimental groups fed to appé satiation were used to verify if maximum
feed intake has been covered by the highest defaesting levels. While diet B was offered to DK
only, diet A was given to DK and IS. To adjust theantity of supplied feed to the increasing BW,
fish of each tank were group weighed every 20 dagsh diet and strain treatment was fed in three
replications per feeding level once a day per hatiduneaten feed was siphoned out of the tanks
about 10 minutes after feeding, subsequently daed03 °C and weighed. Additionally, the
weights of recovered uneaten pellets were correfctedoluble losses incurring between feeding
and collection to make an accurate feed intakesagsent. Soluble losses were determined prior
start of the trial by soaking several pellets imbeaker filled with tank water for 10 min, then
sampled and dried like the remaining pellets infible tanks. Two weeks before the experimental
period 648 juvenile turbot (39-45 g; DK: n = 433; In = 216) were randomly distributed to the
experimental groups (12 fish per tank) and tramsteto the tanks for acclimatisation. Additionally,
12 fish of each strain, to be used as referencepgiar body composition analysis, were randomly
selected and transferred to collateral tanks ak Weé two weeks of acclimatisation until the start
of the trial experimental and reference groups viedel.0% of BW with a commercial feed (Aller
505, Emsland - AllerAqua GmbH, GolR3en, Germany; | @iameter). At the beginning of the
experiment fish had a mean initial BW of 49 + 3rglavere then reared for 67 days at 17 + 0.6 °C
and 26 + 1.2 ppt salinity. This is within the rarfge optimal growth of juvenile turbot (Burel et al
1996; Imsland et al., 2001c). Initial stocking degnwas 1.1 kg rif and not above 4.0 kg frat the
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end of experiment, which is similar to values reépdrfor optimal growth of juvenile turbot (Irwin
et al.,, 1999; Ma et al.,, 2006). Dissolved oxygeemperature (OxyGuard-Handy Polaris 2,
OxyGuard International A/S, Birkerod, Denmark), isig&y (HI 96822 digital seawater
refractometer, HANNA instruments Inc., WoonsockéttF5A), total ammonia nitrogen (TAN)
and nitrite nitrogen (colorimetric test kit - Migoant; Merck KgaA, Darmstadt, Germany) were
measured daily. Dissolved oxygen was maintained@Bd mg L. The mean TAN was 0.1 + 0.1
mg L and never exceeded 0.2 mg. Mean nitrite nitrogen (N®N) was 1.2 + 0.3 mg L with a
maximum of 1.5 mg . TAN and NQ-N values observed in this study were lower tham th
concentrations reported in the literature for gtowinitation (Alderson, 1979; Bianchini et al.,
1996; Person Le-Ruyet et al., 1997; Person Le-R&@#12; Rasmussen & Korsgaard, 1996). The

photoperiod was maintained on a 12 h L:12 h D cycle

2.4 Measurements and sampling

Fish were weighed individually at the beginning atdhe end of the experiment to calculate the
average growth performance of each experimentalpyrbish starved one day prior to weighing.
The comparative slaughter technique was applietttermine retained nutrients and energy: At the
beginning of the experiment 10 individuals (two géings of 5 fish) of each reference group and at
the end three individuals per experimental groupewelled by an overdose of MS-222 (200 mg
L™, chopped and stored at -18 °C. Fish of the fa@ahplings represented the average fish of the
respective tank (difference in weight profile does exceed 10, 20 and 25 g for feeding levels, I-111
IV and V, respectively). Additionally, seven fisli each feeding level were killed at the end of
experiment to record the liver weights as well @sdampling blood and muscle tissue (data not
included in the present study). The remaining tuftmm feeding levels Il and IV on diet A (DK
and IS pooled) and diet B (DK) were used for deteation of nutrient and energy digestibility of
the respective diets. For this, three replicatesliet A and two replicates for diet B were used. A
replicates (n = 20 fish per replicate) had a simitdal body weight (average per fish 143 g).
Thereby fish of 56 — 160 g BW were used to coverrtinge between the different feeding levels of
the experiment. At each diet fish were fed two veeekce daily at 1.0% of BW. Approximately 12
h after the last feeding the content of the postentestine (from the ileocaecal valve to the anus
was carefully sampled by dissection once fish vkilted by an overdose of MS-222 (200 mg)L

No abrasion of intestinal walls was performed tanimize the contamination of digesta with
epithelial cells. Due to limited quantities to docarate chemical analyses the sampled intestinal

contents were pooled for each diet and storedpllastic container at -18 °C. Afterwards the fish a
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well as the intestinal contents was freeze-drigmhrPo chemical analyses freeze-dried fish of each
reference and tank samplings were separately paotddhomogenized by centrifugal mill (ZM
100, Retsch GmbH &Co.KG, Haan, Germany), wheregssiimal samples by using mortar and

pestle.

2.5 Chemical Analysis

According to Naumann & Bassler (1976) diets, fisid antestinal contents were analyzed in
duplicate (diets, intestinal samples) and tripkcgish) for dry matter (DM), crude ash (CA), crude
lipid (CL), crude fibre (CF) and gross energy (Gjabatic bomb calorimeter C200, IKA-Werke
GmbH & Co.KG, Staufen, Germany). CL analysis wasedwith (diets) or without (fish, intestinal
content) HCI hydrolysis, because lower lipid exti@t was observed when applying HCI
hydrolysis in sampled fish and intestinal conte@sude protein (CP, N x 6.25) was determined
using the Dumas combustion principle (True Spedc.BICO Corporation, St. Joseph, MI, USA).
TiO; in diets and intestinal content was determinedm@ticog to Brandt & Allam (1987): Ti@was
solubilized by the Kjeldahl procedure for 3 h i9®g g sulphuric acid, then 0.35 g'diydrogen
peroxide (HO;) was added to the filtered TiGsolution to form a yellow complex and color
intensity measured in a spectrophotometer (visspkectrophotometer 6300, Barloworld Scientific
Ltd. T/As Jenway, Dunmow, Essex, U.K.) at 405 nftA kontents (except tryptophan) of the diets
were determined by ion-exchange chromatography patstcolumn derivatization with ninhydrin
(Commission Directive 98/64/EC, 1998). The deteation of calcium and phosphorus contents of
diets and fish was performed according to VDLUFA ¥P.2.6 method (VDLUFA, 2008).

2.6 Definitions, Calculations and Statistics

Geometric mean body weight (GMBW), g: (BW BW:)°>, where BW and BW are initial and
final mean BW per tank, respectively.

Metabolic body weight (MBW), K (GMBW/1000Y%. Despite indications that a metabolic
weight exponent of 0.7 provides a better approxmnato a weight-dependent energy expenditure
in flatfish (Waller, 1992) the weights of turbot the present study were scaled to a metabolic
weight exponent for energy of 0.8 due to a betnmarison with other fish species. The latter
exponent is suggested to be a common value inreliftefish species (Lupatsch et al., 2003),

although the majority of results range between @68 0.90 (Jobling, 1994). Nevertheless, the
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metabolic weight exponent of 0.8 was used in séwtudies (Booth et al., 2010; Glencross, 2008;
Hatlen et al., 2007; Helland et al., 2010; HuisniV,6; Pirozzi et al., 2010).

Specific growth rate (SGR), % per day: 100 x (W&8n BWy)/daysx, Where days, are the
experimental days.

Feed efficiency ratio (FER): (BWBWo)/Fly:, where Rk is total feed DM intake during the
experimental period.

Hepatosomatic index (HSI), %: 100 x final liverigle/BW;.

Apparent digestibility coefficients (ADC), %: 100 [1-(% feedio/% fecesioz) x (% fecegd%
feed,)], where subscript n stands for a specific nutr@renergy.

To calculate energy of digestible protein intakeE[f) and retained protein energy (f}Ehe
energetic equivalent of 23.6 k3 grotein (Blaxter, 1989) was used.

Referring to Helland et al. (2010) the non-faecalektretion was calculated as the difference
between digestible N intake and N deposition. Tiergy loss associated with this excretion was
calculated using the energetic equivalents of 84.§* ammonia N and 23.1 kJ'qirea N (Elliott
and Davison, 1975). Assuming 15% of N is excretedir@a and 85% as ammonia (Dosdat et al.,
1995) results in 24.6 kJ'gnon-faecal N.

Gross energy intake (GEI), digestible energy intdkEl), metabolizable energy intake (MEI) and
retained energy (RE) at feeding levels |-V were jsttied to linear regression analysis for
determination of GF, DEn, MEnm, Ky ey Kg (or) @and kg ey according to the following linear

regression equations:

RE (kJ kg”®dh) = a + I ee)x GEI (kJ kg*®d™)

RE (kJ kg’®d™) = a + k o) x DEI (kJ kg2 d™?)

RE (kJ kg”®d") = a + I ey x MEI (kJ kg®®d™)

Energy intakes at RE = 0 are defined as the mainten requirements, and the efficiencies of
energy utilization for growth above maintenance gixen by the slopes. However, this statistical
approach does not provide the standard errors Her dstimates of the energy maintenance
requirements, which are necessary for testing itiréficance of differences. Therefore, GEDE,

and ME, were alternatively determined by the following afions, where energy intake is taken as

dependent and RE as independent variable:
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GEI (kJ kg’®d?) = GE, + 1/k; eey% RE (kJ kg2 d™h)
DEI (kJ kg®® d*) = DEy, + 1/kg oy RE (kJ kg ®d™)
MEI (kJ kg®® dt) = MEq + 1/ky mey X RE (kJ k2 d™h)

Here, GE, DEy and ME, are represented by the y-intercepts and the slbfégsce), 1/ky (oeyand

1/kg ey - the reciprocals of thegkvalues - describe the costs for GE, DE or ME flel)unit of RE
(kJ), respectively. It must be noted that GBPE, and ME, -values determined by extrapolation at
RE = 0 include also the energetic requirementspontaneous activity.

All the data were checked for homogeneity of var@amising box plots and residual plots. Two-
sided t-test was used to compare slopes and \ceqty of the linear regression equations. Results
of growth and energy budget parameters were tést&dNOVA applying linear models (y ~ diet +
feeding level + diet x feeding level) followed byitiple comparisons between diet A and diet B as
well as DK and IS for each of the five feeding lsvédditionally, all-pair comparisons of the five
feeding levels were performed within DK (diet B)K¥diet A) and IS (diet A), respectively. For
data showing heterogeneity of variance the respestatistical procedures were applied according
to Hasler & Hothorn (2008). Differences between eskpental groups were considered to be
significant at the p < 0.05 level. All statisticdata analyses were performed using R-Software
version 2.11.1 (R Development Core Team, 2010)ufeare presented as means + SD. Fish at the
ad libitum levels showed high variation in feed intake. Thanes resting time and consequently
dissolution of uneaten pellets were higher thathi other feeding levels. Thus, the determined
feed intake is considered to be inaccurate andecpently these groups were excluded from all

statistical tests and regressions.

3. Results
3.1 Digestibility, feed intake, feed efficiencyogrth and body composition

No fish died during the experiment. The estimafeth® apparent digestibilities of the two different
diets are shown in Table 1-2. Despite the lack mbreterms, the estimated ADC of protein
appeared to be slightly lower in the fish meal dadiet A than in the fish meal reduced diet B. The
reverse effect could be observed in lipid digebtihiwhereas estimated ADC-values of energy,
organic matter and dry matter were similar betwdiets. Feed intake varied between 1.50 — 1.53 g

DM kg®®d* at the lowest and 6.95 — 7.37 g DM%&yp™ at the highest feeding levels (Table 1-3).
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Table 1-2:
Apparent digestibilit§ (%) of the experimental diets

Diet A Diet B
Dry matter 74.8 73.2
Organic matter 81.0 81.0
Crude protein 87.0 90.3
Crude lipid 90.7 89.0
Energy 78.6 78.8

& Calculated by using one pooled sample of intelstioatent from
turbot fed diet A (n = 60 fish, Danish and Icelantlirbot pooled)
and diet B (n = 40 fish)

FER, SGR, HSI (Table 1-3) and final body composiiidable 1-4) did not differ between diets and
between strains at the same feeding level. DM, @l energy content of final whole body increase
with increasing feeding level (p < 0.001), wher€&scontent showing the reverse relationship (p <
0.001). Final body protein concentration seemseanolependent from feeding level. SGR, HSI
(p < 0.001) and FER (p < 0.05) showed also higredues as feed intake increased with the
exception of FER in turbot (DK) fed diet A.
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Table 1-3:
Body weight, feed intake, feed efficiency, growttdaHSI of juvenile turbot from two strains fed digtor B for 67
days
Treatment BW [g] Feed intake SGR FER HSI
Feeding level initial final [g k3%, DM] [% BW d'] [g gain g* feed] [%]
Diet B (DK)
| 48.1+0.4 59.5 + 0’5 1.53 +0.0% 0.32 +0.02 1.18 + 0.07 0.8+0.2
I 48.7+0.5 82.7 + 4% 3.05 + 0.08 0.79 + 0.08 1.60+0.28 1.1+0.2%
m 49.2+1.0 118.0 + 39 4.75+0.08  1.30+0.0% 1.69 + 0.04 1.5+0.3¢
vV 48.8+0.7 141.4 + 4°8 6.35 + 0.0% 1.59 + 0.08 1.59 + 0.08 1.8+0.8°
Vv 49.3+0.7 160.6 + 35 7.19 + 0.05 1.76 + 0.0% 1.60 +0.03 23+02
Diet A (DK)
| 47.3+0.9 58.2 + 19 1.50 + 0.0% 0.31 +0.04 1.31+0.33 0.8 +0M
I 494 +1.2 855+1% 3.07 £ 0.08 0.82 + 0.08 1.49+0.18 1.1+ 0%
m 486+1.2 113.7+19 4.63+0.08Y 1.27+0.02 1.70 + 0.05 1.4+ 0%
vV 47.9+1.0 136.7 + 39 6.42 +0.1% 1.56 + 0.02 1.54 +0.02 1.6+09
\Y 48.0+0.9 149.6 + 538 7.37+0.15 1.70 + 0.08 1.46 +0.08 1.8+0%8
Diet A (IS)
| 48.0+0.8 57.5+1% 1.52 +0.03 0.27 + 0.05 1.02+0.15 1.0+ 0%
I 48.6+0.8 80.1 + 47§ 3.04 + 0.04 0.75 + 0.08 1.41+0.12 1.2+0%%
m 484 +1.7 101.8 + 10°%¢  4.69+0.03" 1.11+0.16° 1.43+0.14 1.5+ 05
vV 47.8+0.6 137.0 + 18 6.32 +0.08° 1.57+0.0% 1.57 +0.03 1.6+0%
\Y 488 +1.1 151.6 + 16°5 6.95 + 0.44 1.68+0.17 156+0.11 1.7+02

Values are mean + SD of triplicate feeding groupdthin each column values with different supersirigre
significantly different (p < 0.05); capital letteshowing contrasts between feeding levels withiaiss and diets; x, y
and v, w - letters showing contrasts between dinatbstrains at one feeding level, respectively; DEpish strain; IS,
Icelandic strain; DM, dry matter; BW, body weigl8GR, specific growth rate; FER, feed efficiencyiaaHsSl,

hepatosomatic index (n = 7 fish per feeding level)
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Table 1-4:
Initial and final body compositiofg 100 g'or kJ g* wet weight) of juvenile turbot from two straingifdiet A or B for
67 days

Treatment Dry matter Crude protein Crude lipid CGradh Energy
Feeding level
initial (DK)? 22.4+05 14.7 +0.1 3.9+0.6 3.8+0.0 4920
initial (IS)? 22.4+0.1 14.3+0.4 42+0.1 3.6+0.1 5.0%0.
Diet B (DK)
| 21.1+0.% 145+0.3 2.8+0M 41+0.1 43+03
Il 21.8+0.2 14.9+0.1 3.6 +0% 39+0.72 4.8+0.1°
1l 22.2+0.3® 14.6 +0.2 4.6 +0% 32+0.F 49+0.3°
\Y; 22.5+0.4° 14.9+0.3 46+0%8 3.3+0.¢ 5.2 +0.5¢
\Y 23.9+0% 15.4+0.3 56+02 3.4+0.2 56+0.2
Diet A (DK)
| 21.3+1.53 14.6 + 0.9° 2.8+0.2 43+03 4.4+03
I 22.3+0.4® 14.7 +0.5° 3.9+0.2 3.8+0.28 4.9+0.1"
1] 22.5+0.4" 14.4+0.5 41+03 3.6+0.5¢° 5.2 +0.%¢
\Y; 23.4+11% 15.1 +0.38 4.9+0.8° 35+0.38° 5.4 +0.4°
\Y 23.9+04 15.7+0.8 52+04 32=+0.f 57=+0.f
Diet A (IS)
| 21.2+0.9 14.6 +0.5 2.9+0% 41+03 44+03
I 21.9+0.%° 15.1+0.0 3.4+ 0% 39+0.2 49+0.3°
1l 22.6 +0.28¢ 15.1+0.3 4.0+ 0% 3.7+0.2® 5.1+0.%¢
\Y; 23.2 +0.4° 14.9+0.1 47+0% 3.4+0.2 5.4 +0.5¢
V 241+19% 15.3+0.6 54+02% 3.4+02 55+0.2

Values are mean * SD of triplicate feeding groupihin each column values with different superscigiters are
significantly different (p < 0.05); capital letteshowing contrasts between feeding levels withiaiss and diets; DK,
Danish strain; IS, Icelandic strain

@ Body weights, g: 52.7 + 1.0 (DK), 52.0 + 0.0 g){I®ody composition was not different between ss&{0.05);

values are mean + SD of two samples (5 fish each)

3.2 Energy budget

The energy budgets of the experimental groupstayes in Table 1-5. Assuming that digestibility
was not affected by feeding level 21.4% and 21.Z%sEI were calculated to be lost as fecal
energy for diet A and B, respectively. Energy ekore via ammonia and urea significantly
increased as digestible protein intake increasefl f@eding level. In average, energy loss by
ammonia and urea excretion amounted 7.3% of DEI%50f GEI), resulting in ME-values

representing approximately 92.9% of DE (73.0% of)\GE
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At level V 39.6 - 40.7% of GEI was converted intody energy, whereas only 7.3-11.6% was
retained in level | due to the higher proportionGE.,. RE and REwere similar between the two
strains and diets, respectively. Depending on ¢eelihg level 63.2 - 80.2% of RE were deposited
as protein. This proportion decreased when feeldivgl increased (p < 0.05). In all treatments RE
at level | was lower than REindicating depletion of body lipid reserves. Déspf the latter
aspect RE were positive in all feeding levels.
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Table 1-5:

Energy budget and protein utilization of juvenilettot from two strains fed diet A or B for 67 days

Treatment GEI DEI MEI DEJ Ey-loss RE RE GE,/GEI RE/GEI RE/RE
Feeding level (kJ kg %%t [%]
Diet B (DK)
| 35.3+0.% 279+0%t 253+02 209+0f 25+00 32+29 57+04 822+04 9.1+8.2 a
Il 70.4+1.2 55.5+0.8 51.3+0.% 415+0F% 4.2+0.3" 209+3.2% 16.6+18 41.2+0% 29.7+49 80.0+5.8
1] 109.8 +0.5” 86.6+04 80.3+0% 651+08 6.2+0% 39.4+3.4 27.7+0F 265+0F 359+29 70.8 £ 8.0
\Y; 146.8 +1.8 1158+1.58 107.2+168 87.0+08 86+03% 53.9+2.7° 357+08 198+0% 36.7+21 66.3+1.8
\Y 166.3 +2.5 131.1+1.%7 121.7+1%F 985+1.3 9.4+0.2 67.2+2.9 425+1.7 175+0%  405+20 63.2+2.9
Diet A (DK)
| 33.6+ 0.8 26.4+0.2¢ 242+04 189+0% 22+0.2 39+1.7 58+13 64.2+06" 116+49 -2
Il 69.0+ 1.4 543+1.% 50.5+0.8 38.9+0.8 3.7+0.3 23.8+0.4 16.7+1.F 31.3+068% 345+12° 70.1+37
1l 103.9 + 0.6* 81.7+05° 76.3+0.6° 585+08° 54+02 41.6+2.4 26.1+1.% 208+0.f* 400+24% 629+39
\Y; 1443 +2.R 113.4+18 1058+1.8 813+18 76+0.6 55.7+58%° 357+1fP 150+08* 386+38 64.4+51
V 165.6 + 2.7 130.2+2.% 1215+2F 933+15 8.7+0.F 65.6 +1.8 415+1.%8 13.0+02%8* 396+18 632+16
Diet A (IS)
| 34.1+0.8 26.8+0.6 245+07 192+04 23+02 25+3.0 56+13 87.7+2.0" 7.3+838 2
Il 68.2+1.6¢ 53.6+0.8 50.0+0.8 38.4+0.8 36+0.3 21.1+44% 166+18 438+06" 31.0+6.6 80.2 +13.0
1l 105.3+ 0.4 82.8+0.8 77.1+05 59.4+02 58+0.% 354+538° 248+18 283+0%f" 33.6+4.9 70.5+5.4
\Y; 142.0+1.8 111.7+18 1043+18 800+18 74z+072 559+08° 357+0%Y 120+03Y 394+12 63.8%1.2
V 156.2 +10.6° 1228+78° 1149+7.8° 880+56° 79+08° 635+4.7F 404+ 480 192+125"  407+21 63.6+29

T oIer)

Values are mean + SD of triplicate feeding growgghin each column values with different supersclgtters are significantly different (p < 0.05);

capital letters defining contrasts between feediwgls within diets and strains; x,y - letters dafg contrasts between diets at one feeding level;- letters defining contrasts
between strains at one feeding level; DK, Danisirst IS, Icelandic strain; GEI, gross energy ietaREl, digestible energy intake; MEI, metabolizabhergy intake; DE|
energy intake from digestible proteiny,Eenergy of non-faecal N (ammonia + urea); RE,imethenergy; RE retained energy (protein); GEmaintenance energy requirement
of GE determined in the present study (29.0, 20d529.8 kJ kof2d™ for diet B (DK), diet A (DK) and diet A (IS), resptively).

* Not given due to body fat loss
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3.3 Maintenance energy requirement and efficieri@nergy utilization for growth

The relationships between RE (kJ%¥g™) and GEI (kJ k§®d™"), RE and DEI (kJ k§°d™) as well
as RE and MEI (kJ k&%™) are described by the following regression equatiand Fig. 1-1, Fig.

1-2, and Fig. 1-3, respectively.

Diet B (DK):

Diet A (DK):

Diet A (IS):

Diet B (DK):

Diet A (DK):

Diet A (1S):

Diet B (DK)

Diet A (DK)

Diet A (IS)

RE = -13.1 (+ 2.0) + 0.473 (+ 0.017) x GEI
(R* =0.98)

RE =-9.2 (+ 1.9) + 0.459 (+ 0.017) x GEI
(R* =0.98)

RE = -13.8 (+ 2.6) + 0.490 (+ 0.020€|
(R* = 0.98)

RE =-13.1 (+ 2.0) + 0.600 (+ 0.022) x DEI
(R*=0.98)

RE =-9.3 (+ 1.9) + 0.583 (+ 0.021) x DEI
(R* = 0.98)

RE =-13.8 (+ 2.3) + 0.623 (+ 0.026 DEI
(R* =0.98)

RE =-12.8 (+ 2.0) + 0.644 (+ 0.023ME|
(R* = 0.98)

RE =-9.0 (+ 1.9) + 0.623 (+ 0.022) xBl
(R* =0.98)

RE = -13.5 (+ 2.1) + 0.664 (+ 0.026 MEl
(R* = 0.98)

(1)

(2)

®3)

(4)

(5)

(6)

(7)

(8)

9)
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601 o Diet B (N)
o Diet A (N)
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Fig. 1-1. Daily energy retention per kilogram metidb body weight (RE) of juvenile turbot fed incedag levels of
gross energy (GE) for diets A and B and for fisbnirtwo strains [Denmark, DK; Iceland, 1S]. Eachalabint

represents the mean of triplicates; equations3Lg(e given in the text.

607 ¢ Diet B (DK)
O Diet A (DK)
A Diet A (IS)

0 20 40 60 80 100 120 140
DE intake [kJ kg®®d™]

Fig. 1-2. Daily energy retention per kilogram metib body weight (RE) of juvenile turbot fed inceag levels of
digestible energy (DE) for diets A and B and fahfifrom two strains [Denmark, DK; Iceland, IS]. Batata point
represents the mean of triplicates; equations@f(e given in the text.

29



Chapter 1  Energy requirement for mintenance and efficyeof energy utilization for growth

75

607 ¢ Diet B (DK)
O Diet A (DK)
4571 ADietA (IS)

30 -

RE [kJ kg®®d™]

154

0 20 40 60 80 100 120 140
ME intake [kJ kg®%d™]
Fig. 1-3. Daily energy retention per kilogram metib body weight (RE) of juvenile turbot fed incedag levels of
metabolizable energy (ME) for diets A and B andffelh from two strains [Denmark, DK; Iceland, I&ach data point

represents the mean of triplicates; equationsqy@(e given in the text.

Results of linear regression of the relationshipveen GEI (y) and RE (x), DEI (y) and RE as well
as MEI (y) and RE are summarized in Table 1-6. détermined Keyvalues of 0.481 (1{kce) =
2.08), 0.467 (L/ke)= 2.14) and 0.500 (14kee) = 2.00) for diet B (DK), diet A (DK) and diet A
(IS), respectively, were similar to correspondiggskyvalues of linear regression equations (1)-(3).
Thus, results of statistical comparisons betwedg-\idlues and between,kalues were similar,
too. Ky cervalues differ significantly between diets and isisa(p < 0.02). Furthermore, GEvas
lower (p < 0.05) in turbot (DK) fed diet A than feltet B and higher (p < 0.05) in IS than DK (diet
A). Similar statistical correlations were obtaimn@tien considering the relationship between DEI
and RE as well as MEI and RE. However, there weralifferences in ME, kg o) and k (e
between the two diets (p = 0.06, 0.14 and 0.1pedcs/ely).
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Table 1-6:
Parameters of linear regression equations (rfisdéiyveen GEI, DEI, MEI and RE, respectively.

Treatment GE 1/kg (GE) DE,, 1/kg (DE) ME,, 1/kg (ME)

DK - DietB  29.0 (+3.3) 2.08(x0.08) 229(+26) 1.64(x0.06) 20.8(+2.4) 1.53(+0.05)
DK —DietA 21.6 (+3.5% 214 (x0.08 17.0(*2.7 1.69(+x0.08) 155 (+2.5) 1.58 (+0.06}
IS - DietA  29.8 (+3.5) 2.00(x0.08) 235(x28 157(+x0.07) 21.4(+x25) 1.48(+0.06)

AR=0.98, p < 0.001, similar for all treatments

GEIl = GE, + 1/k gy * RE; DEI = DE, + 1/k; ogy * RE; MEI = ME, + 1/k; ey X RE

(GEI, DEI, MEl, RE, GE, DE,, ME,, expressed as kJ R§d™):;

Values (mean + SE) in the same column with diffesarperscripts are significantly different (p <®).0a, b - letters =
contrasts between diets; x, y - letters = contrastsveen strains; GEI, gross energy intake; DEjeslible energy
intake; MEI, metabolizable energy intake; RE, medi energy; GE maintenance requirement of gross energy;,,DE
maintenance requirement of digestible energy;, MBaintenance requirement of metabolizable eneldyy; gy
energetic costs of GE (kJ) per unit RE (kJ);, 14k, energetic costs of DE (kJ) per unit RE; k) energetic costs of
ME (kJ) per unit RE.

4. Discussion
4.1 Digestibility and growth performance

Dietary composition is of major importance for tthgestibility of the diet (Jobling, 1994). Non-
digested DM in the present study contributed atikedly large amount (26%). This value is based
on the ADC determinations at one feeding level a6 BW). Studies on the effect of feeding
level on ADC have produced contradictionary resuteging from those that have found a
decrease of ADC-values with increasing feeding ll¢Melland et al., 2010; Henken et al., 1985;
Luo et al., 2006; Xie et al., 1997) to other stgdigat have found increased ADC-values (Han et al.,
2004, Storebakken et al., 1991). The observedtsffat ADC of nutrients and especially energy in
the latter studies were of lower magnitude whersm®@ring the range of feeding levels used in the
present study (except for DM differences are comgness than 2.5%). Furthermore, results of
Ferndndez et al. (1998) showed that feeding lewsl o effect on final ADC and support the
hypothesis that for highly digestible diets, anr@ase in feeding level would have no or only small
effects on overall digestibility, but that a progge decrease in digestibility with increasing
feeding level could be expected when diets of lawalidy are fed to the fish. Both diets in the
present study were formulated based on feed ingme&xlknown to be well digested by fish (NRC,
2011) as well as included only low levels of modesadigestible gelatinized starch. Commonly,
most studies show that feeding levels have no impaaligestibility of nutrients (assuming that

feed intake is not below levels needed to supm@sanable growth rates) and intestinal absorptive
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capacity is not likely to be a limiting factor fautrient digestibility (NRC, 2011). Referring toeth
previous aspects the use of the same ADC-valuesitoients and energy for all feeding levels is
considered to be acceptable. Due to the low cohemicompanied with dissolution in the water
body it was very difficult to collect feces fromrwt. The collection of feces by the sedimentation
method or siphoning was less successful as walbagesult in overestimated ADC-values due to
leaching (Jobling, 1994, NRC, 2011). Furthermohe, latter authors noted that obtaining digesta
prior to its natural voidance as feces by strippimgdissection may result in the collection of an
unknown amount of incompletely digested materiabpbly causing underestimated ADC-values.
Despite this disadvantage stripping or dissectias heen used in several studies with flatfish
(Berge et al.,, 1991; Dias et al., 2010; Grisdaldane & Helland, 1998; Hatlen et al., 2005).
Turbot appeared to be able to control the reledseligesta from the rectal pouch, which
complicated feces stripping. Therefore, it was dedito use the method of dissection the hind gut
combined with a marker to obtain accurate sampiesgesta. Similar difficulties in the collection
of feces (digesta) were reported in other flatfjBiias et al., 2010; Grisdale-Helland & Helland,
1998). To ensure a complete digestion of the destes in the present study were sampled 12 h
after the last meal referring to the proceduretirenstudies with turbot and flatfish (Bonaldo ket a
2011; Dias et al., 2010) except using strippinge D low amounts of digesta sampled in the hind
gut, it was impossible to realize chemical analys#kin each replicate. Thus, we decided to pool
the samples from all replicates within each didiefEfore, statistical analysis was not possible
resulting in estimated ADC-values. However, theepbsd ADC-values can be considered as
representative as ADC-values of dietary nutrient$ @nergy are in the range of values determined
by other studies with turbot (Fournier et al., 20iva-Teles et al., 1999; Peres & Oliva-Teles,
2005; Regost et al., 2001, 2003) and Atlantic halifHippoglossus hippoglossus) (Berge &
Storebakken, 1991; Grisdale-Helland & Helland, )%&8&imilar dietary composition. Variations of
ADC-values between studies may be caused by usiiegesht feces collecting methods.

Due to pooling fish from DK and IS related to thB@ determination in the growth trial the effect
of fish strain on ADC of nutrients and energy contit be investigated. But it can be assumed that
no differences in ADC (as well as non-fecal N ekorg between strains were present, because the
absence of differences in FER, SGR (Table 1-3)teprcand lipid retention (p > 0.24, 0.28, 0.82
and 0.32, respectively). Therefore, pooling fisbnirDK and IS for feces collection should not be
affected the results in the present study.

The present study indicated a tendency of a sligiekter digestibility of protein when replacing
fish meal by wheat gluten. Storebakken et al. (2G0®wed a similar effect in Atlantic salmon.
Our observations can may be related to a bettdeiprdigestibility of WG (ADC: 99-100%) than
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herring fish meal (ADC: 91-96%) as observed in s@lvbBsh species (NRC, 2011). Protein from
bones and scales are not likely well digested (NRE®3) and thus reduce ADC of protein from
fish meal. Several studies suggested that protegestibility in fish meal is affected by the
processing conditions, e.g. cooking and drying terajure during meal manufacture, the quality of
added fish solubles as well as the subsequent stalge, and therefore can cause variations even
between batches of the same source. (Aksnes & MumgHL997; Anderson et al., 1995, 1997).
The previous aspects probably explain the lower A(ies in fish meal than wheat gluten and
therefore the observed lower protein digestibilitgliet A in the present study.

Considering the usage of the same lipid sourceleinA and diet B and the difference determined
in lipid digestibility between diets was only 1.7&ctrue difference probably does not exist, but
actually represent the lack of precision due taemication. The higher ADC of protein but the
lower ADC of lipid in diet B than diet A resultea iabsent differences in ADC of energy and
organic matter between diets. The determined ADIGe&in the current study resulted only from
one pooled sample per diet and the observed diifesein ADC of protein as well as lipid should
be considered as indications to be verified inhfeirexperiments.

SGR, FER and HSI determined in the current experisare in the line with results from other
studies in turbot (Caceres- Martinez et al., 198durnier et al., 2004; Oliva-Teles et al., 1999;
Regost et al., 2001). The generally high perforreaewel and the absence of any differences in
growth performance and body composition betweentih® diets at the same feeding levels
indicate that lysine supply of diet B was adequatkhough not expected according to the

recommendations of Peres & Oliva-Teles (2008).

4.2 Energy budget

The higher DEJ in fish fed diet B may be a result of the slightigher protein content and the
slightly better protein digestibility. As known froother studies in various fish species (Ballegiraz
et al., 1994; Beamish & Thomas, 1984; Dosdat etl&95; Kaushik & Medale, 1994; Vergara et
al., 1996) the higher energy losses by N excretiodiet B than in diet A can be attributed to the
higher DE}.

Fonds et al. (1992) showed that 53-55% of MEI tssinl RE and 42-47% is lost as heat (ME
activity + heat increment of feeding) in plaidelduronectes platessa) and flounder Rlatichthys
flesus) when fed to satiation. These values are in the With ours at the highest feeding levels
(RE/MEI = 54-55%). The ratio RE/GEI for fish fed lavel V is higher than reported by Peres &
Oliva-Teles (2005) for juvenile turbot (32 g inltAW, 18 °C, RE/GEE 22-33%), but lower than
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in Atlantic halibut (61 g initial BW, 12 °C; RE/GEI 48-50%; Helland & Grisdale-Helland, 2006)
fed similar diets, respectively. Differences in B&ween the studies may be also depended on feed
ingredients and digestibility as well as experinaéebnditions and investigated species. Bureau et
al. (2002) noted that protein deposition has a ggiyenigh priority in fish. Therefore, the excass
retained protein energy (REcompared to RE at feeding level | in all treatingroups could be
attributed to either a decrease in protein turn@rgoreferential catabolism of other substrates lik
body lipid. Lipid deposition tends to increase witikreasing feed (energy) supply (Jobling, 1994),
indicated by the decreasing ratio JAEE with increasing feeding level in the presentgt Similar
observations were reported by Bureau et al. (2@0®) Lupatsch et al. (2003). At the highest
feeding level (V), RERE ratios (63.2-63.6%) ranged between values whéted in other studies
with turbot (815 g BW, 17 °C, REIRE = 76.6%; Regost et al., 2001) or Japanese deun
(Paralichthys olivaceus) (6 g BW, 18-22 °C, RERE = 77.6-83.4%; Yigit et al., 2004) and Atlantic
halibut (49.4-53.4%; Helland & Grisdale-Helland 0B0.

4.3 Maintenance energy requirement and efficiedignergy utilization for growth

Although the limitations accompanied by the ADCadstination should only affect the actual
values of DR, and ME, as well as kg and kg we), but not the respective statistics itself, the
following discussion primarily regard the resultstlze GE-level. However, for comparisons with
other fish species results at the DE- and ME-lavelconsidered as well.

GE., DE, and ME, of turbot in this study (extrapolated from theelan regression) are in the line
with values in other flatfish like Dover sol&ofea solea), but considerably lower than values for
other aquaculture species, e.g. European seabitd&ga@ seabream, Atlantic cod, Barramundi or
Atlantic salmon (Table 1-7). This might be causgdadower physical activity of flatfish (Fonds et
al., 1992). The kvalues are at the lower point of the range of otmarine fish (Table 7).
Therefore, the latter data as well as our resulppart the statement of Lupatsch et al. (2003) that
maintenance requirement expressed per kg metdmdig weight is species specific, but contradict
the position that kis relatively constant and independent from fishcses. It has to be considered
that k is independent from BW, temperature and feedinglJavhereas Gk DE, and ME, are
affected by BW and temperature (Azevedo et al.,8199patsch et al., 2003). Furthermore,
significant intraspecific differences of GEDE,, and ME, between distinct strains of turbot were

observed in the present study.
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The distinct values of GE(DEm, MEy) and k e (Kg (oe) Kg ve)) between strains or diets in our
study cannot be related to changes in protein igrdideposition, because no differences have been
observed (p > 0.20).

Breeding as well as hatchery programmes in aquaeultsually aim in production of fast growing
strains of fish (Jobling, 1994). The latter authomted out that strains known to grow most rapidly
and most efficiently often show low rates of protbreakdown and turnover leading to lower costs
to maintain status quo. Therefore, it can be hyggited that the differences in energy requirements
and energy utilization efficiencies between strairesy be caused by the kind of hatchery selection
or breeding management as suggested by Bailey Em#r& (2006) and Imsland et al. (2001b).
Imsland et al. (2001a, 2001b) and Imsland & Jomag2@01) reported that there are interpopulation
differences in growth performance of turbot fronffetient localities. Additionally, Imsland et al.
(2000) observed differences in energy requiredrfaintenance and spontaneous activity as well as
energy conversion efficiencies in different geomaopulations of juvenile halibut. Therefore,
energy utilization efficiencies as well as maintet& energy requirements may vary between
geographic populations of turbot as well. Resultenf the present study support this hypothesis.
However, the genetic backgrounds of both strainsidifot in the present study were not examined
and the geographic origin of the wild broodstockiled Danish fish is unknown and needs to be
clarified in further experiments. Thus, the assuamptof an effect of geographic origin on
population differences in GEand kg k) is highly speculativeReferring to Bailey and Alanara
(2006), the differences in GEbetween fish from DK and IS may be also the restihdividual
social interactions and spontaneous activity, a.dpigher feed searching behavior or a reduced
activity to spare energy. Despite the differenaesGE, and k g, energy retention at a high
feeding level was similar between the two stram®ur study. This was caused by the inverse
relationship between maintenance energy requiresnant the related energy efficiencies for
growth, i.e. the superiorgkcervalues of fish from Iceland were compensated mhéi GE:-
values.Referring to the total energy allocation the refatproportion of Gk decrease and of RE
increase with increasing feed intake. Therefore, Kavalues become more important than,GE
when considering feed efficiency and growth at highergy intake.Despite there were no
differences in RE between strains, we expect thaigh feeding levels turbot (IS) will show the
highest feed efficiency and growth due to a momotiaable combination of GEand k ey
Further growth experiments are needed, especiaith warger fish, to confirm the latter

assumptions.
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Table 1-7:
Maintenance energy requirements and efficiencienefgy utilization for growth in different fish sgies
Author Spezies (BW) DE Kg (0E) Experimental
kJ kg% ! temperature
Present study Turbot (55-176 g) 17.0-23.5 0.59-0.64 17 °C
21.6-2938 0.47-0.50
15.5-21.% 0.63-0.68
Ende et al., 2009 Dover sole 294 0.39 19 °C
(44-100 g)
Lupatsch et al., 2003 European sea bass 454 0.67 9-26 1C
(1-400 g)
Gilthead sea bream 47.9 0.69 23-24 °C
(1-250 g)
White grouper 34.1 0.69 23°C
(6-230 g)
Hatlen et al., 2007 Atlantic cod 42.3 0.80 10°C
(250 g)
Glenncross, 2008 Barramundi 30°C
(15 9g) 35.1 0.61
(410 g) 455 0.76
Helland et al., 2010 Atlantic salmon 31.5 0.80 @ °
(96 g) 30.6 0.82

BW, body weight

DE,, maintenance requirement of digestible energysgs efficiency of digestible energy utilization forayth

* MEn, maintenance requirement of metabolizable endegyie), efficiency of metabolizable energy utilization
for growth

® Values represent the range of GBE,, ME, and k ey Ky oey Ky ue) Of all treatments

¢ GE,, maintenance requirement of gross energyds efficiency of gross energy utilization for growth

Kg (cg) In the present study was different (p = 0.01) leemvdiet A and diet B, whereas Helland &
Grisdale-Helland (2006) reported no differencekdnce)when replacing fish meal by WG (10-
30%) in diets for Atlantic halibut. In fact, thettier difference in & g)between diets was really
small and thus can probably considered to be nedilscfrom a practical point of view. No study in
the literature was found, which indicates effedtseplacing dietary fish meal by any plant protein
source on maintenance energy requirements of fslwever, in growing chickens Nieto et al.

(1995) showed that methionine supplementationrteethionine deficient diet reduced MB&nNd k
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ey Without negative effects on growth and RE. This@fwas assumed to be caused by a reduced
muscle protein breakdown resulting in lower enecgebsts for protein turnover as well as an
increased and decreased efficiency of protein apid ketention, respectively. Regarding the
requirements of fish the 1AA profile of WG is codsred to be inferior than fish meal (Kaushik &
Seiliez, 2010). Thus, the replacement of fish nydVG might changed the IAA balance of diet B.
Results of the present study were similar to theeokations by Nieto et al. (1995) mentioned
above, however, without using diets deficient iPAIANhether our results were also caused by
changes in body protein breakdown needs to beduntivestigated.

The observed differences in GEp = 0.01) and DE (p = 0.04), but not in ME (p = 0.06) between
diets can be attributed to the lower variationh#f telationship between GEI and RE (DEI and RE)
than MEland RE. Due to a similar ADC of energy angl&ss the differing kg between diets is

likely a result of a lower variation as well.

Conclusion

The estimated GE(DEw, MEm)- and kg ) (Kg (oe) K9 (Mey)-Values in the present study can help to
estimate energy requirements of growing juvenilddt reared in a RAS more precisely. The
present study indicates differences inGEEy,, MEn, kg ey Kg o) @and k (vey between strains of
turbot, however without any significant effect onogth performance. Whether the observed
differences in Gk , DE, or MEy, and k e, Ky or) Or Ky vy Will result in different growth
performance between IS and DK at different expentiadeconditions than in the current study, e.g.
fish size, temperature range or photoperiod, ndedbe investigated in further studies. It is
concluded that it might be advisable to consider gtrain of fish when selecting turbot used in
aguaculture production.

Furthermore, it was shown that the partial replee@nof fish meal by WG increased GBEnd k
ey DEn and kg or) as well as ME and k e). Nevertheless, WG can replace fish meal up to a
total inclusion level of 330g kgin diets for juvenile turbot without showing neigat effects on

growth performance and influencing RE.
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Abstract

Oxygen consumption was measured for 24 h in jueentbot, Psetta maxima (L.) using flow-
through respirometry to examine the influence dingg on energy metabolism. Turbot (164 ¢
mean initial body weight, BW) were reared at 16.8.2 °C and three different salinities (10, 20, 30
g L. Digestible and metabolizable energy requiremémtsnaintenance (DE ME;,) as well as
the respective efficiencies of energy utilization §rowth (k ey, Kg (ve)) Were identified by using
different feeding levels (0.3, 0.6, 0.9% BW) anglgmg linear regression analysis.

There is evidence that nutrient and energy digéiBs decrease with an increasing salinity. ;DE
and MEn, kg og) and k ey were 14.9-20.2 and 13.3-18.3 kJ%g™, 0.82-0.87 and 0.87-0.91,
respectively. Generally, no differences were obsgnn DE, MEn, ky oe), and k (e between
salinities, but it was indicated that these paramsetecrease at a high salinity (30 d).L
Furthermore, turbot showed the most favourable @oation of DE, and kg pog) (MEn and kg (ve)

at a salinity of 20 g ttas well as became inferior at 30 gregarding growth and energy utilization
at high energy intake. However, energy requiremfmteono- and osmoregulation are small.
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1. Introduction

In Europe the production of turbdsetta maxima (L.), a species of high commercial value, rapidly
developed over the last decade and is highest aiftetfigh (Person Le-Ruyet, 2002; Cerda et al.,
2010; FAO, 2005-2012). Considering an expected esse in turbot production will be
accompanied with decreasing market prices (PerssRuyet, 2002), it is of highest relevance to
improve the production efficiency of turbot farmitggmaintain an adequate profit margin. Feeding
efficiency is a crucial factor, because feeds regme a minimum of 17% of the total production
costs (Person Le-Ruyet, 2002). Quantifying the teai@nce energy requirement and the efficiency
of energy utilization for growth is a prerequiditederive an adequate feed composition and supply,
so that least-cost formulation can optimize theahe¢ between nutrient requirements and the cost
of feed (Lupatsch, 2009). Proper feed managemeatsis crucial with regard to environmental
aspects, since feed that is neither consumed raitable to the fish will be lost to the aquatic
environment (Lupatsch, 2009). Growth of fish gellgrdepends on energy supply considering
factors like feed intake, feed composition, feegedtibility and non-fecal energy losses as well as
the energy expenditures related to maintenance iresgents, several metabolic processes
(digestion, excretion), activity and adaption tarieg conditions. The digestible energy (DE) and
metabolizable energy (ME) requirements for maimeea(DE, ME,) and the efficiencies of
energy utilization for growth kpey, Kg (vey) in fish can be quantified by using different fewgd
levels and linear regression analysis of the m@tatiip between DE (ME) intake and the retained
energy (RE). The “factoring” of the requirements faintenance and growth with this method,
termed “The factorial approach”, was explicitly imwved by Lupatsch (2009) and had successfully
been applied in several fish species e.g. Atlassitmon,Salmo salar (L.); gilthead seabream,
Sparus aurata (L.); European seabasBjcentrarchus labrax (L.); white grouper,Epinephelus
aeneus (Saint-Hilaire); rainbow troutOncorhynchus mykiss (Walbaum); Atlantic cod,Gadus
morhua (L.); barramundilLates calcarifer (Bloch) and yellowtail kingfishSeriola quinqueradiata
(Temminck & Schlegel) (Azevedo et al., 1998, 20B5dehutscord & Pfeffer, 1999; Watanabe et
al., 2000a, 2000b; Lupatsch et al., 2003; Bureaal.e2006; Hatlen et al., 2007; Glencross, 2008;
Booth et al., 2010; Helland et al., 2010).

Many authors have demonstrated the influence afisabn growth performance of fish (Gaumet
et al.,, 1995, Woo & Kelly, 1995; Dutil et al.,, 199Previous studies considering the effect of
salinity on fish growth and metabolism have yieldedtroversial results. Higher growth and lower
metabolic rates were recorded at isotonic salmiftgutt, 1985; Febry & Lutz, 1987; Waller, 1992,
Watanabe et al., 1993; Lambert, 1994) and this memon was hypothesized to be caused by a

reduction in the metabolic cost of iono- and osrgolation. In contrast, results from Morgan &
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lwama (1991) and Sampaio et al. (2001) showed remaing fish at an isotonic salinity did not
enhance growth or reduced metabolic rates. Moredwaerg et al. (2006) reported that there are no
differences in metabolic rate of juvenile turbot different salinities after 48 hours of
acclimatisation. Turbot is considered to be a nét euryhaline species and can adapt to salgitie
ranging between 10-40 g'Lwith a minimum level reported to be at 5-6 g [(Waller 1992;
Gaumet et al., 1995; Person Le-Ruyet, 2002; Tarad.,e2006). Furthermore, it is well known that
many juveniles prefer intermediary salinities, asinfd, e.g. in estuaries, tidal coastal areas or
coastal lagoons (Gaumet et al., 1995; Boeuf & Pag801). Results from Imsland et al. (2001)
also suggested enhanced growth of juvenile turbahantermediate salinity (20 g'), especially

at the thermal range of 18-22 °C. Although sevstallies measured oxygen consumption and
growth performance in turbot at different enviromta¢ salinities (Waller, 1992; Gaumet et al.,
1995; Tang et al., 2006) no data are availableam these changes affect the maintenance energy
requirement as well as the efficiency of energyizatiion for growth. In the current study the
oxygen consumption (metabolic rate; including thergy expenditure for spontaneous activity) of
fed fish was studied, because it is considerecttthé metabolic state most closely representafive o
land-based aquaculture (Maclsaac, 1997). This tekmed “routine oxygen consumption” (ROC)
(Jobling, 1994).

The present study intended to determing,DME,, and k o), Ky (ve) Of juvenile turbot based on
oxygen consumption and using increasing feedingl$éewn addition, the effect of various salinities

(10, 20, 30 g [}) on oxygen consumption as well as HIE, and k g, kg ey Was studied.

2. Material and methods
2.1 Fish

Juvenile turbot, descendent from a domestic Norareproodstock, were used for the experiment
and received from the hatchery Maximus A/S (Bedsehmark). Fish were transferred to the
rearing facilities of Gesellschaft fir Marine Aquétkiir, GMA (Bisum, Germany) on 98
september in 2010.

2.2 Experimental diet

A fish meal based diet was formulated to be sintitaa commercial turbot feed considering gross
energy (GE), macro- and micronutrients. Referriog<aushik (1998a) and Peres & Oliva-Teles
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(2008) the diet was formulated to meet the indispbfe amino acid (IAA) requirements of turbot.

Titanium dioxide (TiQ) was added to the diet (10 gRgas an inert marker to determine the
digestibility of nutrients and energy. Detailed dmhation about the formulation and chemical

composition of the experimental diet is given irblEa2-1. The diet was supplied as pellets (4 mm
diameter; pellet press 14-175, AMANDUS KAHL GmbH@». KG, Hamburg, Germany).

Table 2-1:

Diet formulation and chemical composition of thg@esimental diet (g or MJ kY

Diet formulation

Herring fish meal LT 748
Fish oft 75
Wheat starch (pregelatiniz®d) 80
Wheat glutéh 80
Vitamin premi% 35
Mineral premi% 35
Titanium dioxide (TigQ)°® 10

Chemical composition

Dry matter (DM) 933
In DM
Crude protein (N x 6.25) 586
Crude lipid 164
Crude ash 160
Gross energy (GE) 21.8
Ca 41
P 23
Tio 10

#Vereinigte Fischmehlwerke Cuxhaven GmbH & Co. Kiaxhaven, Germany; [fish meal made from herringloff
DM, Crude protein, crude lipid, crude ash = 9484,7227, 114 g kg, respectively; LT = low-temperature cooking
and drying (80-90 °C)]

® Kroner Starke — H. Kroner GmbH, Ibbenbiiren, GeynéWheat gluten: DM, Crude protein = 920, 780 g'kg

respectively)
¢ MicroMineral (supply per kg of diet): 1.4 mg Co8®.75 mg MnSQ 1.75 mg Cat 8.75 mg CuS@ 0.09 mg Se
4 Vitamin Standard (supply per kg of diet): 3500 I\itamin A; 700 I.U. vitamin D3; 140 mg vitamin Elpha-
Tocopherol-acetate); 14 mg vitamin K3 (Menadiorig);mg vitamin B1; 28 mg vitamin B2; 14 mg vitami®;8.03
mg vitamin B12; 210 mg vitamin C (Monophosphated;r2g vitamin B3; 140 mg vitamin B7; 5.60 mg Folicig
0.35 mg Biotin; 140 mg Inositol; 700 mg Betain-adiate; 98 mg ZnSg) 140 mg Etoxyquin
(contents of vitamins, minerals and additivesecified by the manufacturer)

® Kronos Titan GmbH & Co.0HG, Nordenham, Germany

" Calculated by: Ti@=Ti x 1.67
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2.3 Respirometer system

The experiment was carried out in 10 cylindricalks (250 L, bottom surface: ~ 0.5%)nof a flow
through respirometer system (Fig. 2-1) at Geseddiiciir Marine Aquakultur, GMA (Blsum,
Germany). Tanks wermntinuously supplied with water from a recircuatisystem equipped with
sedimentation tanks, trickling biofilter, sump (50D L) and pump, whereby each tank had a

separate in- and outflow.

Fig. 2-1. General design of the respirometer syg@md. T. Stiller 2010)

1. Recirculation pump, 2. Manometer, 3. Water cydléOverpressure

valve, 5. Fresh water inflow, 6. Respirometer (fishk), 7. Overflow tube, 8.
Sedimentation barrel, 9. Sedimentation tank, 1@&u 1. Trickling filter, 12.
Sampling tube to the sensors, 13. Merger of sagplibes, 14. Sensors (pH,
CO,, O)), 15. Online control unit, 16. Main switch, 17. e control, 18. Data
transfer

Flow rate through the tanks was adjusted to bel15b For each tank in- and outflow could be
individually regulated by valves controlled by anttal computer system, thus, a single record of
oxygen concentration, temperature and flow rate peassible for every tank. The same sensor unit
was used for every measurement. Additionally, ¢aok equipped with an extra circulation pump
(Ocean Runner OR 2500, AB Aqua Medic GmbH, Bissehddermany) with separate in- and
outflow to sustain a constant mixing of the watedy and to cluster uneaten feed or feces to the
central settling funnel at the bottom of the tarldeeaten feed and feces could be removed by an
outlet valve. To minimize external influences inohgcstress, both sides and the back of the tanks
are made of opaque PVC. The front is made of tiaesp PVC allowing observation of the fish.
Detailed information and descriptions of the resmpieter system were given by Stiller (2010).
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2.4 Experimental design

A restricted ration level (RRL) experiment realissdthree different salinities (10, 20, 30 g)L
including three feeding levels (I-111) was designéeeding levels I-11l corresponded to a daily feed
supply of 0.3, 0.6, 0.9% of body weight (BW). Nidays prior the start of the trial 78 juvenile
turbot were devided into nine balanced experimegtaiips (six fish each) having a similar BW.
The remaining fish as well as the experimental gsowere stocked in separate 50 L aquaria at a
salinity of 10 g L* and fed the experimental diet at feeding levebtite daily for acclimatisation to
experimental conditions. Before transferred to thiee respirometer tanks, turbot of the
experimental groups were individually weighed agaiensure similar BW of groups. Mean initial
BW in each respirometer tank was 9830 g (164+ 2 g BW per fish). After transferring to the
respirometer fish were acclimated to the tanks salimity of 10 g L' for five days. Experimental
groups were fed once a day per hand (11:30 - 1201i8s) with three replications at every feeding
level. To ensure that all supplied feed was conslutine central collecting funnel at the tank bottom
was covered during feeding. Prior every feeding$ewmere eliminated from the tanks. Additionally,
all uneaten pellets were removed from the respitem@anks nearly 10 minutes after feeding and
qguantified. To calculate the actual feed intakeaherage weight of one dry pellet (determined prior
the start of experiment) was multiplied with themrher of uneaten pellets. Fish not used for the
respirometry trial were still stocked in the agaaat similar salinities like the experimental greup
and fed at feeding level lll. After acclimatisatiohthe experimental groups ROC was measured at
the salinity level of 10 g tfor a 24 h period. Thereafter fish were starvedtfoee days and
oxygen consumption (starving oxygen consumption,Cs@as recorded (24 h). The same
procedure was repeated at salinities of 20 asage®0 g [} and represented one measuring period.
Every period was followed by seven days of adaptiothe next higher salinity. Therefore, feeding
continued and salinity was increased stepwise witlour days to left over three days for
acclimatisation at the target salinity prior thexneeasuring period. The lower and intermediate
salinities (10 and 20 g1) were formulated by mixing tap water with seaw#Morth Sea, Blisum,
Germany) and the higher salinity (30 g)Lby adding commercial seasalt for fish keeping€j®
sea salt“, Preis-Aquaristik, Bayerfeld, Germany)seawater. During the experiment temperature
was on average 16.5 + 0.2 °C and dissolved oxygeged between 8.9 - 6.6 md-.LThus, the
oxygen concentration never deceeded the minimungexy(6.0 - 7.0 mg 1) required for
maximum growth of turbot (Boeuf et al., 1999; Peré@-Ruyet, 2002). The mean total ammonia
nitrogen (TAN) concentration was 0.1 + 0.1 mg &and never exceeded 0.2 mg.Mean nitrite
nitrogen (NQ-N) was 0.4 + 0.3 mg t with a maximum of 1.0 mgt. The photoperiod was set on
a 14 h L:10 h D cycle (daybreak at 06:00 hoursk fidtal experiment lasted 35 days.
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2.5 Measurements and sampling

Fish were weighed individually at the beginning atdhe end of the experiment to calculate the
average BW per fish at the oxygen consumption nreasents based on the specific growth rate.
Fish starved at least one day prior to weighing.

To determine oxygen consumption the oxygen conagafrs in the respirometer tanks as well as
flow rate and temperature were automatically reedrdy the computer system every hour in each
experimental group for a 24 h period. Thereby #apirometer tanks were successively measured
(time interval per tank: 6 min) within one hour atie time at the end of this cycle taken to be
representative for each tank. One tank was lethaut fish and used as reference representing the
inflow oxygen concentration by the system for alperimental tanks within the hourly record cycle
as well as to correct for oxygen consumption byragoganism inhabiting the system. To avoid any
effect of fouling processes on oxygen concentratienreference tank was carefully cleaned before
the start of each 24 h measuring period. Priorverye 24 h measurement the sensor (JUMO
dTRANS 02 01, JUMO GmbH & Co. KG, Fulda, Germanyasacalibrated on humidified air
(saturation 100%; immediately above the water sejfaTo ensure an adequate water quality as
well as to verify the recording of the computesteyn temperature (OxyGuard-Handy Polaris 2,
OxyGuard International A/S, Birkergd, Denmark), sy (HI 96822 digital seawater
refractometer, HANNA instruments Inc., Woonsock&ttFSA), TAN and NQ-N (colorimetric test

kit - Microguant; Merck KgaA, Darmstadt, Germany@ne manually measured every day.

Following the respirometer trial the experimeniahfand the remaining turbot from aquaria were
used for determination of nutrient and energy dibey of the diet. Fish were devided in three
subsets. Subsets consisted of two replicates anel agelimated to salinities of 10 (n = 12 fish per
replicate), 20 (n = 12 fish per replicate) and 30g(n = 15 fish per replicate), respectively. At
each salinity level fish were fed 12 days onceydaith 1.0% of BW. Approximately 12 h after the
last feeding thecontent of the posterior intestine (from the ilemzal valve to the anus) was
carefully sampled by dissection once fish were killed byoaerdose of MS-222 (200 mg'). No
abrasion of intestinal walls was performed to miaerthe contamination of digesta with epithelial
cells. Due to limited quantities to do accuraternsioal analyses the sampled intestinal contents
werepooled for each salinity levestoredin a plastic containeat -18 °C and subsequently freeze-

dried. Prior to chemical analyses intestinal sasyplere homogenized.

51



Chapter 2 Influence of salinity on energy metabolism

2.6 Chemical analyses

According to Naumann & Bassler (1976) the experitalediet and intestinal contents (due to the
small quantity except for crude lipid) were anatyae duplicate for dry matter (DM), crude ash
(CA), crude lipid (CL) and gross energy (GE; adiabbomb calorimeter C200, IKA-Werke GmbH
& Co.KG, Staufen, Germany). CL analysis was donth WCI hydrolysis. Crude protein (CP, N x
6.25) was determined using the Dumas combustiorcipte (True Spec® N, LECO Corporation,
St. Joseph, MI, USA). Ti©in the diet and intestinal contents was determen@mbrding to Brandt
& Allam (1987): TiO, was solubilized by the Kjeldahl procedure for ®110.96 g ¢ sulphuric acid,
then 0.35 g § hydrogen peroxide (#,) was added to the filtered TiGolution to form a yellow
complex and color intensity measured in a specotgheter (visible spectrophotometer 6300,
Barloworld Scientific Ltd. T/As Jenway, Dunmow, Egs U.K.) at 405 nm. The determination of
calcium and phosphorus contents of the diet watkpeed according to VDLUFA VII 2.2.2.6
method (VDLUFA, 2008).

2.7 Definitions, calculations and statistics

Specific growth rate (SGR), % per day: 100 x (WB In BW;) x day§xp'1, where daysp are the
experimental days and By#nd BW are initial and final mean BW, respectively.

Metabolic body weight (MBW), K& BW’® where BW represent the average BW (kg) of fish at
each 24 h measuring period. BWas calculated based on SGR. According to ouripusv
statements (Dietz et al.,, 2012) the common metabeéight exponent for energy of 0.8 was
applied.

Apparent digestibility coefficients (ADC), %: 100[1 - (% feedio2 /% fecesioz) x (% fecegd%
feed,)], where subscript n stands for a specific nutr@renergy.

To calculate energy intake from digestible protédil,) the energetic equivalent of 23.6 K3 g
protein (Blaxter, 1989) was used.

Non-fecal N excretion was calculated using theorbgtween retained protein (RP) and digestible
protein intake (DPI) from a previous experimenngsiurbot descendent from the same broodstock
and a similar diet (Dietz et al., 2012). The nooafeN excretion was derived from the difference
between digestible N intake (DP1/6.25) and N deppmsiRP/6.25). The energy loss associated with
this excretion was calculated using the energetitvalents of 24.9 kJhammonia N and 23.1 kJ
g* urea N (Elliott & Davison, 1975). Assuming 15%Nfis excreted as urea and 85% as ammonia
(Dosdat et al., 1995) results in 24.6 KJrgn-fecal N.
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Oxygen consumption (OC, mg‘hwas calculated according to the following equatioC = (cQ'

— ¢cO)) x F, where c@ and cQ' are the concentrations of dissolved oxygen (MY in the
reference tank and individual repirometer tankspeetively. F defines the flow rate ((through
the individual respirometer tanks. ROC and SOCeo#ihg the average OC per MBW for fed and
starving fish within 24 h, respectively. To considee unsteady-state situation in the flow-through
system the calculated OC-values were verified bhylyapg the following equation proposed by
Niimi (1978):

@ =[((F x ox &™) - (F x c))/(L - &) + (F x 1) (1)

where, referring to the present studye,@epresent OC,qcand ¢ are c@ of two consecutive
records, F = 150 L'h V = 250 L, t is the time intervall between thearls of g and ¢ (= 1 h) and
cin the mean between gQelated to records of@nd c, respectively.

Specific dynamic action (SDA, mg R§ h'): SDA = ROC-SOC. SDA represents the OC above
starving and reflects the energy requirement aetedi with feeding, e.g. searching, ingestion,
digestion and absorbtion of feed.

Heat (energy used for SDA and maintenance incluspantaneous activity) was calculated based
on OC (13.6 kJ per gLzonsumed; Elliott & Davison, 1975).

All data considering energy metabolism were presgper MBW.

Digestible energy intake (DEI), metabolizable egyergake (MEI) and RE (RE = MEI - Heat) at
feeding levels I-1ll were subjected to linear reggien analysis for determination of REMEnm, kg

oe) and k (vey according to the following linear regression ecpres:

RE (kJ kg’®d") = a + k o) x DEI (kJ kg®® d™?)
RE (kJ kg”®d™") = a + I ey x MEI (kJ kg®®d™)

Energy intakes at RE = 0 are defined as the mainten requirements, and the efficiencies of
energy utilization for growth above maintenance gixe@n by the slopes. However, this statistical
approach does not provide the standard errors Her dstimates of the energy maintenance
requirements, which are necessary for testing ifp@fieance of differences. Therefore, REnd

ME, were alternatively determined by the following afjons, where energy intake is taken as

dependent and RE as independent variable:
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DEI (kJ kg®® d?) = DE, + 1/k; oy % RE (kJ kg2 d™h)
MEI (kJ kg®® d™) = MEp, + 1/ky uey X RE (kJ kg2 d™)

Here, DE, and ME, are represented by the y-intercepts and the slbfgsoe) and1/ky (e - the
reciprocals of the kvalues - describe the costs for DE or ME (kJ)ypet of RE (kJ), respectively.
Because DE, MEnm, Ky o) @and kg ey based on ROC it must be noted that,Hd ME, -values
determined by extrapolation at RE = 0O include dls® energetic requirements for spontaneous
activity.

All the data were checked for homogeneity of vareansing box plots and residual plots. DEI, MEI
and RE were subjected to analysis of covarianceGAMA) and multiple comparisons were used
to compare slopes (Holm) and y-intercepts (Tukdythe linear regression equations, respectively.
Thereby, the influence of tank as random factoriccaot be included in the statistical model.
Results of growth and energy budget parameters amab/zed by ANOVA applying linear mixed
models (y ~ salinity + feeding level + salinity gefding level + tank as random factor) regarding
heterogenous variances and followed by all-pair ganisons between salinities within feeding
levels as well as between feeding levels withinngas. Differences were considered to be
significant at the p < 0.05 level. All statisticdata analyses were performed using R-Software

version 2.11.1 (R Development Core Team, 2010)ulReare presented as mean + SD.

3. Results
No fish died during the experiment.
3.1 Digestibility

The estimated apparent digestibilities of nutriesms energy of the diet are shown in Table 2-2.
Despite the lack of error terms, the digestibibfyDM, organic matter (OM), CP, CA and energy
appeared to decrease with increasing salinity.
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Table 2-2:

ADC? (%) of nutrients and energy in juvenile turbotiferent salinities

Salinity [g L] 10 20 30
Dry matter 73.4 69.8 68.9
Organic matter 83.7 80.5 79.8
Crude protein 86.6 84.2 83.8
Crude ash 19.4 13.5 11.6
Energy 87.1 84.3 83.9

& ADC, apparent digestibility coefficients: calcudtby using one pooled sample
of intestinal content of fish fed at salinitiesldf (n = 24), 20 (n = 24) and 30
(n=30)gL*

P Calculated in diet and intestinal contents Byganic matter = dry matter —

crude ash

3.2 Feed intake and oxygen consumption

Feed intake as well as the results of OC measursnaea presented in Table 2-3. No differences
were observed in feed intake between the diffesalmities.

The deviations between results of ROC and SOC mi@ted by using the actual data of OC and
their estimates based on the unsteady-state miasebdequation (1)) are less than 2.5%. ROC and
SDA increased with increasing feeding level (p €0Q), whereas SOC was independent from
feeding level. No differences could be observedR@C and SDA between salinities except at
feeding level Ill, where ROC was reduced at higainities (20, 30 g £) and SDA showed the
highest reduction at a salinity of 20 §.LSOC of fish previous fed at feeding levels Il didvas
higher at a salinity level of 20 g'ithan at 10 or 30 g't. SOC was consistently lower than ROC at
each salinity and feeding level (p < 0.05).

The diurnal course of oxygen consumption showedlairpatterns between salinities (Fig. 2-2).
There was an increase in SOC from 07:00-12:00 hedhrsreas the increase in ROC was extended
from 07:00-15:00 hours. SOC and ROC continouslyetesed in the diurnal course and the lowest
values obtained in the early morning (05:00-07:00rk). SOC and ROC converged immediately
before feeding (11:30-12:15 hours).
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Table 2-3:

Body weight, feed intake and oxygen consumptiofedfand starved juvenile turbot at three differgalinities

Salinity FL Body weight Feed intak® ROC SOC SDA
[o L] [a] [g DM kg*®d™] [mg kg®*h]
10 | 165+ 1 2.08 +0.05 61.0+14.8 43.3+10.3 17.7 +5M
I 168 + 3 419+ 0.01 70.6 + 8.5° 38.6+6.8 32.0+2.8
M 174 +3 6.19+0.18 84.9+ 4% 38.7+3.0 46.2 + 4.6
20 | 168+ 1 2.12 +0.01 56.4 + 9.7 406+6.4 15.8 + 10.0
I 176 +3 421+0.0% 70.0 +10.5 436+ 46 26.4+6.0
Il 187 +3 5.99 + 0.2 76.1+6.0 426+1.8 33.4+45%
30 | 170+ 1 2.10 + 0.05 47.8 + 4.0 305+ 7.6 17.3+53
I 184 + 4 4.19+0.0%2 68.2 + 42 36.2+5.8 32.0+3.2°
11} 202 +4 5.66 + 0.73 747 + 2.8 35.2+2.9 39.5+2.8Y

Values are means + SD of triplicate feeding growpighin each column values with different superstietters are

significantly different (p < 0.05); capital letteshowing contrasts in oxygen consumption betweedifg levels within

salinity; small letters showing contrasts in oxygemsumption between salinities within feeding Ie¥ROC, routine

oxygen consumption (fed fish); SOC, starving oxygensumption; SDA, specific dynamic action (= RO80C)

& Calculated from estimated weights on measuring @@yROC and SOC (n = 6)

® On measuring days of ROC
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oxygen consumption

oxygen consumption

[mg kg-O.Sh-l]

oxygen consumption
[mg kg®®h™]

[mg kg®®h™]

120 4

100 4

80 -

60

40 4

20 ~

—O—ROC 0.3% BW
—<O—S0C 0.3% BW
—&—ROC 0.6% BW

120 4
100 ~

10 ppt

—O— ROC 0.3% BW
—O— SO0C 0.3% BW
—&— ROC 0.6% BW
—{—SOC 0.6% BW
—&— ROC 0.9% BW
—4— SOC 0.9% BW

20 ppt

—O—ROC 0.3% BW
—<O—S0C 0.3% BW
—&—ROC 0.6% BW

—&—ROC 0.9% BW
—24—SO0C 0.9% BW

time (CET)

30 ppt

Fig. 2-2. Diurnal course of oxygen consumptionuwgnile turbot fed at three different feeding lesvl.3, 0.6,
0.9% BW) at salinities of 10, 20 and 30 @.[Each data point represents the mean of tripkc&©C, routine
oxygen consumption (fed fish); SOC, starved oxyg@msumption; BW, body weight; CET, Central European

Time
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3.3 Energy budget

The energy budgets of the experimental groupslaveis in Table 2-4. GEI at feeding levels I-11I
were similar between salinities. 12.9%, 15.7% abdl% of GEI were lost as fecal energy at
salinities of 10, 20 and 30 g'l.respectively. Energy excretion via ammonia arehugignificantly
increased as DElincreased with feeding level. In average, enewps Iby ammonia and urea
excretion amounted 6.4% of DEI (5.5% of GEI), résgl in MEIl-values representing
approximately 93.6% of DEI. DEI, MEI, DEland E-loss tended to decrease with increasing
salinity, however, differences were only determiteetie significant at feeding level 1l due to lower
variations. RE was similar between salinities athefeeding level and increased with increasing
feeding level.

At feeding level Ill 74.7 - 76.1% of MEI was contedl into body energy, whereas only 45.3-56.1%

was used in level | due to a higher proportion &.,M

Table 2-4:

Energy budget of juvenile turbot at three differsalinities

Salinity FL GEI DEI MEI DEI, En-loss RE ME/MEI RE/MEI
[g L] [kJ kg®%d ] [%0]
10 |  452+1% 394+16 365+09 249+06 29+01f 166+53 502+1.3 453+13.7

I 91.3+02 795+05 748+05 502+0%F 48+006* 51.7+28 245+0% 692+3.F
M 1349+46 1175+38 1106+38 741+2% 69+02% 829+46 166+05 749+26

20 |  452+04% 389+0f 36.0+0f 246+01% 29+008 176+0Ff 480+0.f* 489+88
N 916+0f 773x0% 726+0¥ 490+0F# 47+006 498+34% 238+085 685+4.7
M 1305+5%§ 110.1+56 1036+4.F 698+3% 65+0% 788+3.4 16.7+08 76.1+1.53

30 |  457+12 383+1.0° 355+09 243+06 28+01 199+05% 375+1.0Y 56.1+27
N 91.2+04 765+0.58 71.9+08 485+05% 46+0.6° 496+1.Ff 185+0.% 69.0+1.8
Nl 123.3+16.6 103.5+13.4 97.4+126 655+85 6.1+0.8 73.0+12.4 138+1§ 747+3.4

Values are means + SD of triplicate feeding growgighin each column values with different supenscitetters are
significantly different (p < 0.05); capital letteshowing contrasts between feeding levels withimisg, small letters
showing contrasts between salinities within feedal; FL, feeding level; GEI, gross energy intakél, digestible
energy intake; MEI, metabolizable energy intake; [DEnergy intake from digestible proteiny,Eenergy of non-fecal

N (ammonia + urea); RE, retained energy (proteuh fat); ME,, maintenance energy requirement of ME estimated in
the present study (18.3, 17.3 and 13.3 k3%d at salinities of 10, 20 and 30 ¢ Lrespectively)
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3.4 Maintenance energy requirement and efficieri@nergy utilization for growth

The linear relationships between RE (kPRgi*) and DEI (kJ kd%d™) as well as RE and MEI (kJ
kg®®™) are shown by Fig. 2-3 arféig. 2-4, respectivelyand described by the following linear

regression equations (means + SE):

10 ppt:  RE =-16.7 (+ 2.2) + 0.851 (+ 0.026) x DEI (2)
(R* = 0.99)
20 ppt:  RE =-15.9 (+ 2.3) + 0.857 (+ 0.029) x DEI (3)
(R* = 0.99)
30 ppt:  RE =-12.0 (+ 2.4) + 0.819 (+ 0.031) x DEI (4)
(R* = 0.99)
10 ppt:  RE =-15.9 (+ 2.2) + 0.897 (+ 0.028) x MEI (5)
(R? = 0.99)
20 ppt:  RE =-15.2 (+ 2.3) + 0.903 (+ 0.030) x MEI (6)
(R* = 0.99)
30 ppt:  RE =-11.3 (+ 2.4) + 0.862 (+ 0.032) x MEI (7)
(R* = 0.99)
100 +
_ 80 -
£ 60 -
= 40-
=
7 20 -
[ad
0 ‘
20 0 20 40 60 80 100 120 140

DE intake [kJ kg®®d™]

Fig. 2-3. Daily energy retention per metabolic badsight (RE) of juvenile turbot fed increasing l&vef digestible
energy (DE) at three different salinities [10, 20,g L'"]. Each data point represents the mean of oneroespter tank;

equations (2)-(4) are given in the text.
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100 -

RE [kJ kg*®d™]

200 20 40 60 80 100 120

ME intake [kJ kg®%d™]

Fig. 2-4. Daily energy retention per metabolic bodgight (RE) of juvenile turbot fed increasing l&veof
metabolizable energy (ME) at three different s&ksi[10, 20, 30 g t]. Each data point represents the mean of one

respirometer tank; equations (5)-(7) are giverhatext.

Results of linear regression of the relationshifwieen DEI (y) and RE (x) as well as MEI (y) and
RE are summarized in Table 2-5. The determing@dsvalues of 0.860 (1{kpg)= 1.16), 0.865
(1/kg o) =1.16) and 0.821 (14kpg)= 1.22) at salinities of 10, 20 and 30 g Wwere similar to
corresponding K pervalues of linear regression equations (2)-(4). sThresults of statistical
comparisons between }falues and between-kalues were similar, t00. ¢¢oe) and DE, did not
differ significantly between salinities, but it seg that these values decreased at a salinity gf 30
L. Similar statistical correlations were obtainedewttonsidering the relationship between MEI
and RE.

Table 2-5:
Parameters of the linear regression equations {rize®jveen either DEI and RE: DEI (kJ'k&™) = DE,, + 1/ky (o) X
RE (kJ kg®d™) or MEI and RE: MEI (kJ kK§%d™) = ME;, + 1/ky g * RE (kJ kg°d™)

Salinity [g L] DE[kJ kg®&d!] /Ky o ME, [kJ kg®%d?] /Ky gy
10 20.2 (£2.2) 1.16 (+ 0.04) 18.3 (+ 2.0) 1.100(@3)
20 19.1 (+ 2.2) 1.16 (+ 0.04) 17.3 (¥ 2.0) 1.100(04)
30 14.9 (+ 2.3) 1.22 (+ 0.04) 13.3 (£ 2.1) 1.160(04)

2R*=0.99, p < 0.001, similar for all salinities

Values are mean = SE; DEI, digestible energy intdkEl, metabolizable energy intake; RE, retaineérgy; DE,,
maintenance requirement of digestible energy,,MBaintenance requirement of metabolizable eneldly; oe)
energetic costs of DE (kJ) per unit RE; k) energetic costs of ME (kJ) per unit RE (kJ)
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4. Discussion
4.1 Dietary digestibility

ADC-values in the current study based on the detetions at one feeding level only (1% BW).
Commonly, most studies show that feeding levelsehaw impact on digestibility of nutrients
(assuming that feed intake is not below levels adetb support reasonable growth rates) and
intestinal absorptive capacity is not likely to &dimiting factor for nutrient digestibility (NRC,
2011). Therefore, the use of the same ADC-valuasubients and energy for all feeding levels in
the present study is considered to be acceptahle. tb the low cohesion accompanied with
dissolution in the water body it was very diffictit collect feces from turbot. Similar difficulti@s

the collection of feces (digesta) were reportedthrer flatfish (Grisdale-Helland & Helland, 1998;
Dias et al., 2010). Referring to a previous stUdietz et al., 2012) it was decided to use the nttho
of dissection the hind gut (12 h after the last Ineambined with a marker to obtain accurate
samples of digesta. Due to low amounts of digeatapsed in the hind gut, it was impossible to
realize chemical analyses within each replicateusTlwe decided to pool the samples from all
replicates within each salinity. Therefore, statadtanalysis was not possible and consequently
resulted in estimated ADC-values. Although usingreplicates the observed ADC-values can be
considered as representative as ADC-values of rglietatrients and energy were in the range of
other studies with turbot (Oliva-Teles et al., 19B®&gost et al., 2001, 2003; Peres & Oliva-Teles,
2005; Dietz et al.,, 2012) and Atlantic halibutlippoglossus hippoglossus (L.) (Berge &
Storebakken, 1991; Grisdale-Helland & Helland, 1988 similar dietary composition. Small
variations of ADC-values between studies may beseduby using different feces collecting
methods. Nevertheless, our observations of an appareduction of nutrient and energy
digestibilities with increasing salinity correspomdth results from studies in other fish species
(MacLeod, 1977; Ferraris et al., 1986; Ringg, 199bp & Kelly, 1995; Storebakken et al., 1998).
Teleost fish in seawater are known to compensateotis water losses at increasing salinities by
intensified drinking rates (Boeuf & Payan, 2001)hiehh could consequently increase gastric
emptying rate, intestinal passage rate and pH & digestive tract as well as decrease feed
breakdown and absorbtion of nutrients and energgc(ddod, 1977; Ferraris et al., 1986; Usher et
al., 1990). Furthermore, Boeuf & Payan (2001) pmesdl that digestive enzymes are affected by
water content in the gut and Woo & Kelly (1995)veadl as Moutou et al. (2004) reported a higher
trypsin activity at lower salinities ifBparus sarba (Forsskal) andparus aurata, respectively.
Although not directly comparable to the fish in g@ated experiment Brown & Tytler (1993)
observed higher drinking rates and implied chanigeskin and gill permeability in turbot larvae at

a higher salinity. Therefore, it is possible thhé tsalinity related decreases in digestibility of
61



Chapter 2 Influence of salinity on energy metabolism

nutrients and energy in the present study mayam plue to higher drinking rates. In contrast, De
Silva & Perrera (1984) and Dutil et al. (1997) slkeowthat salinity had no significant effect on
nutrient and energy digestibility.

The intestine is an osmoregulatory organ in seavete (reviewd by Kirsch et al., 1985). Marine
teleostean fish selectively absorb water and misereross the intestinal epithelium (Walsh et al.,
1991). Thereby, monovalent ions (e.g.*Nal) are largely absorbed and divalent cations{@ad
Mg*") are left behind (Walsh et al., 1991; Taylor & &et, 2006). Furthermore, intestinal fluids of
most marine teleosts are alkaline (pH 8.4-9.0) ematain high levels of bicarbonate equivalents,
which increases with drinking rates at elevated iantlsalinities (Wilson et al., 2002). The latter
authors stated that one consequence of the luralkalinity and high bicarbonate concentrations is
precipitation of calcium and magnesium as carbonateplexes playing a potential role in water
absorption and osmoregulation. Wilson et al. (26#)wed that an elevated bicarbonate secretion
resulted in increased intestinal calcium precimtatin flounder, Platichthys flesus (L.). The
previous aspects suggest that intestinal minetalizds a general feature of osmoregulation in
marine teleosts (Walsh et al., 1991; Wilson et2002). Accumulation of exogenous, non-dietary
minerals in the lower intestine may explain theucest! digestibility of dietary ash. In this context
dietary DM digestibility is actually lower to a sthaxtent than estimated. This is because the the
proportion of non-dietary ash could not be deteadiand consequently the error in the percentage
of DM of the feces caused by non-dietary ash wascagected for in the digestibility equation.
The presence of non-dietary ash in the faeces mimesffect the digestibility calculations of organi

matter, CP and energy.

4.2 Feed intake and oxygen consumption

Feed intake directly affected oxygen consumptiablidg, 1994) and consequently ROC. No entire
effect of salinity on feed intake could be seentha present experiment. Thus, ROC between
salinities within feeding level was unlikely affedt by differences in feed intake. According to the
statements of Eriksen (2002) and due to only lowiad®ns regarding the validation of the actual

values by estimates based on unsteady-state mase®d&OC and SOC determined in the present
study can be considered as representative. Furteyr@C-values in the present experiment were
similar to values determined in other studies wittbot and several flatfish species (Table 6), e.qg.
common dabLimanda limanda (L.); Japanese floundeRaralichthys olivaceus (Temminck &

Schlegel); American plaice,Hippoglossoides platessoides (Fabricius), winter flounder,
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Pleuronectes americanus (Walbaum); yellowtail flounder,Pleuronectes ferrugineus (Storer);

California halibut,Paralichthys californicus (Ayres) and Starry floundelParalichthys stellatus.

Table 2-6:

Oxygen consumption of different flatfish species

Species Fish size (g) Feeding Temperature (°C)OC* (mg kg®*h™?) Reference
Turbot 165-207 fed 16.5 61-§%0 g LY Present study
(0.3-0.9% BW) 56-76 (20 g [)
48-75 (30 g Y
starved 39-43 (10 g1)
41-44 (20 g 1)
31-36 (30 g 1Y)
Turbot 148 fed to satiation 14 99 roBn et al. (1984)
229 16 111
Turbot 350 fed to satiation 16 18-27 (10 9L Gaumet et al. (1995)
21-31 (19g 1Y)
27-37 (27 g 1Y)
26-36 (35 g 1Y)
Turbot 100 starved 16-19 28 (8YL Waller (1992)
37 (2291
36 (29 gt
Atl. halibut 233-454 fed 10 40-64 Dapert et al. (1990)
Flounder 395 starved 15 178 DuthiB¢)
Common dab 396 starved 142
Japanese flounder 438 starved 20 35 Honda (1988)
American plaice 287 starved 14 23 acMaac et al. (1997)
Winter flounder 201 86
Yellowtail flounder 385 75
California halibut 165 fed (0.7% BW) 21.6 125 Merino et al. (2009)
farm conditions
Starry flounder 603-764 starved 7.5-10.5 34 Wood et al. (1979)

#0C, oxygen consumption (details on salinity lests given in brackets)

® Ranges represent the OC of the different feeldingls

Fish in an isotonic medium have the lowest standaethbolic rates, whereas osmoregulation in

seawater appears to be energetically more expetignan freshwater (Boeuf & Payan, 2001). But

there are contrary reports in the literature reigaythe effect of an isotonic salinity on OC (Monga
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& lwama, 1991). The isotonic salinity for turbot ésnsidered to be arround 10 ¢ &nd higher
ROC and SOC were observed with increasing sal(ditgller, 1986, 1992; Gaumet et al., 1995). In
contrast, Tang et al. (2006) determined that ROG imdependent from salinity after 48 h of
adaption. The results of Tang et al. (2006) alsdioo that the time allowed fish for adaption t@th
different salinities was adequate in the presamystTurbot in our experiment showed only less
activity during the measurements of SOC and theeeflois data can be considered to be close to
the standard metabolic rate which reflects the Ibamdabolism of starving fish at zero activity
(Jobling, 1994). However, for a precise determoratof the standard metabolic rate in fish, a
simultaneous recording of activity and OC is regdi(Jobling, 1994).

The reduced SOC at a higher salinity (30 9 was unexpected, as the energetic costs of ion
transport should continue to increase as the éifiee between internal body concentration and
ambient water concentration increases (Imslandl,e2@03). Nordlie et al. (2001) reported that the
routine metabolic rates in euryhali@yprinodon variegatus (Lacépéde) were highest at ambient
salinities from 15-50 g £, somewhat lower at salinities less than 15'gnid markedly declined
above 50 g L*. A similar pattern was observed for SOC in thespne study, however, SOC seemed
to decline earlier (30 gt) and less marked. Claireaux & Lagardére (1999) edported a reduced
metabolic rate at a salinity of 30 ¢ for European seabass. It must be noted that rontitabolic
rates determined by Nordlie et al. (2001) and €lix & Lagardere (1999) were measured in
starved fish at an activity level reduced to spoetais movements and therefore are comparable to
results of SOC in our study. Nordlie et al. (20digcussed the decline in metabolic rate at higher
salinieties was caused by a reduction in the osnmpermeability of the gills which resulted in a
reduced potential for OC as a consequence. Boelagan (2001) also mentioned that many fish
species developed impermeabilization mechanisnasyaa@ too great water losses through the gills
by diffussion. We can only speculate at this tilmat the reduced SOC of turbot at a salinity level o
30 g L* had a similar reason. However, results of Wall®9@), who observed an increasing SOC
between 8-35 g Lsalinity in turbot, will not agree with our findisgat 30 g [*. On the other hand,
the reduced SOC at 10 ¢ lin our experiment correspond to the results ofléter author and of
Gaumet et al. (1995) and supports the conceptvadi@nergetic demands for osmoregulation at an
isotonic salinity. In contrast to SOC, no cleareffof salinity on ROC was observed in the current
study. This was in agreement to Tang et al. (20@6pse results in ROC indicate that energetic
demands for osmoregulation in turbot are negleetalfter acclimatisation. Furthermore, SDA
seemed to be lower at a salinity of 20 §ih the present study and compensated the high&. SO
Thus, the influence of salinity observed in SOC beaygovered by the effect of feeding when
considering ROC.
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Despite the fact that Waller (1992) showed no ¢ftésalinity on spontaneous activity of turbot, an
influence of varying activity levels (social inteteons, feed searching, energy sparing) on SOC and
ROC can not generally be excluded in the presertystin this context it has to be noted that,
regarding to the suggestion of Nordlie et al. (90@llower potential for OC at high salinity due to
reduced gill permeability can also reduce activiipnsidering our data and the conflicting results
in the literature the observed differences in S@@vall as ROC between various salinities cannot
exclusively attributed to energy required for osegmiation and may apart from spontaneous
activity influenced by other undetermined physiabad) processes. Several studies (Febry & Lutz,
1987; Mancera et al., 1995; Boeuf et al., 1999;B&Payan, 2001; McCormick, 2001; Morgan &
lwama, 2001) mentioned the role of hormonal charfges cortisol, growth hormone, insulin-like
growth factor-I, thyroid hormones), also known féeet metabolic rate and therefore OC of fish,
related to changing salinities.

The diurnal courses of oxygen consumption werelamio results in a former study in turbot
(Waller, 1992), except there was no second datye@mse in oxygen consumtion in the evening in
the present work. Our data correspond well witheoletions in other fish species, e.g. gilthead
seabream (Guinea & Fernandez, 1997) and rainbowt {f&tiller, 2010). OC generally increases
several hours after cessation of feeding (Bureaal.et2002; Jobling, 1994) and therefore the
extended increase of ROC can be attributed to SDA.

4.3 Energy budget

Energy loss by undigested feed in the present s{@@y9-16.1%) was lower than results in a
previous experiment (21.4%) dealing with juvenieibt of the same strain fed a similar diet (Dietz
et al., 2012). This difference maybe caused bygausiightly larger fish, which seem to digest
nutrients and energy more efficiently than smalieh (Ferraris et al., 1986; Jobling, 1994). As
commonly known from other studies in various fishedges (Beamish & Thomas, 1984;
Ballestrazzi et al., 1994; Kaushik & Medale, 19®9fsdat et al., 1995; Vergara et al., 1996) N-
excretion is directly correlated with DPI and innsequence with DEI Therefore, the higher

energy losses by N-excretion with increasing sliat feeding level 1l can be attributed to the
higher DE}. It must be considered that we decided to caleufgtloss in the present study from

the RP/DPI ratio in our previous experiment (s&in26 g L*; Dietz et al., 2012), where similar

fish and diet were used. Tang et al. (2006) obskngesignificant differences in ammonia excretion

rates in juvenile turbot between various salinitéier 48 h of adaption and therefore enabled & us

65



Chapter 2 Influence of salinity on energy metabolism

the same values of RP/DPI for salinities of 10,220 30 g [* in the present study. Because not
directly measured, \=loss and consequently MEI in our study must besiciared as estimates.

The similar GEI indicates that the observed diifiees between salinities considering DEI and
DEIl, as well as the resultingyHoss and MEI seemed to be basically attributethéodifferences in
dietary digestibility rather than induced due tanosegulation processes. This was supported by the
fact that the latter parameters decreased witheasing salinity like the nutrient and energy
digestibilities. Fonds et al. (1992) suggested 8865% of MEI results in RE and 42-47% is lost
as heat (ME + activity + SDA) in plaicePleuronectes platessa (L.) and flounder when fed to
satiation. These values are close to our determomatn turbot at feeding level I, but lower than a
levels Il and 1ll. The higher proportions of REtime present study are assumed to be attributed to
the higher OC determined by Fonds et al. (1992)plaice and flounder representing a higher
energy loss by heat. The latter authors also comdpidre partitioning of MEI of flatfish with other
fish and suggested that flatfish spend relativedslenergy in heat and convert relatively more MEI
to RE. They assumed the latter fact was caused bgdaced swimming activity of flatfish.
Observations in our experiment will support thisuamaption as turbot spent most of their time lying

on the bottom of the tanks.

4.4 Maintenance energy requirement and efficiedi@nergy utilization for growth

DEn and ME, of turbot in the present study (extrapolated fribra linear regression) are in line
with values reported in our previous experimenthwirbot (17.0 and 15.5 kJ R§d™ for DE,, and
MEn, respectively) and studies with other flatfishf bansiderably lower than values for several
common aquaculture species (Dietz et al., 2012)astto be noted that in the latter experiment we
used the comparative slaughter technique to deterni-loss, MEI, RE, D and ME..
Calculating ky-loss in the present study by using data of ouviptes experiment is assumed to has
less influence on the actual results, becaug¢o&s contributes only a small proportion to the
energy budget (3-6% of DEI and MEI; Kaushik, 1998ushik & Médale, 1994; Bureau et al.,
2002).

Absent differences of DE or ME, between salinities indicate that energetic cogis f
osmoregulation are quite small after adequate adapthis is in agreement with the results of
Tang et al. (2006) noted in the former sectionaBsee the determination of the energetic costs
exclusively attributed to osmoregulation is difficuhere are no consistent data in the literature
values ranged from 10 to > 50% of the total endsggget (Boeuf et al., 2001). Additionally,
Jobling (1994) noted that metabolic costs requicgdono- and osmoregulation are considered to
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be small and therefore any changes would be alrandetectable. Our results confirm this
assumption. Despite there was no significant diffiee, DE, and ME, seemed to be reduced at a
salinity of 30 g [* in the present study. According to the discussaxkets in the former sections
we can only speculate at this point that the latéet is explained by changes in spontaneous
activity as well as the hormonal status rather tlmamo- and osmoregulation per se. The latter
assumption is supported by Dutil et al. (1997), wshowed higher growth rates in Atlantic cod at
an intermediate salinity (14 g*) and suggested that this was caused by facta@ssfiontaneous
activity rather than changes in standard metalvate.

Calculating ME, directly from SOC (assumed to be close to standaethbolism) led to lower
values (13.1+ 2.2; 13.8+ 1.4 and 11.} 1.8 kJ kg% for salinities of 10, 20 and 30 g'L
respectively) than determined by ROC. Regardinglainenergetic costs for osmoregulation the
latter differences may support the fact that stegVvish showing less activity than fed fish (Joglin
1994) and suggest a general effect of spontandostyaon DE;, and ME, in the present sudy.
Furthermore, starving fish are also known to redihe®r standard metabolic rate (Jobling, 1994)
and therefore this may be another reason for therlealues in M determined by SOC.

The k-values determined in the present study are corabtle higher than in our previous
experiment (0.592 and 0.632 fog ey and kg ey, respectively) as well as in studies with other
flatfish and cultured fish species (Dietz et a12). Just like in DR and ME, no differences were
determined in the kvalues between salinities and lower p&d ME, interrelated with reduced
kg-values. This correlation is in consistence witked®inations in our previous experiment (Dietz
et al., 2012) and may indicate reduced intermediatabolic processes due to hormonal changes at
30 g L salinity as discussed for OC, REand ME,. The similar RE between salinities in the
present study resulted from lower REand ME,-values compensated by lowgralues.

Referring to the total energy allocation the rektproportion of DE, as well as Mk decrease and
of RE increase with increasing energy intake. Tloeeg the k-values become more important than
DEn, and ME, when considering energy utilization and growthspite there were no differences
in RE between salinities, we expect that turbote@at a salinity of 20 g twill show the highest
energy utilization and growth at high energy intake to the most favourable combination of,DE
and k og) as well as for Mk and kg \e). This assumption is supported by results of Intleinal.
(2001), who showed best growth of juvenile turbiosadinities of 19-20 g £ and 18-22 °C. In this
context, fish reared at a higher salinity (30 Q) lin the present study may show less energy
utilization and growth, although had the lowest,D&hd ME,. Morgan & Ilwama (1991) suggest
that optimal salinities for growth are also infleed by life history stage. Consequently, further

growth experiments are needed, especially withelafigh, to confirm our latter assumptions.
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The partial efficiencies of MEI utilization for piein and lipid retention in fish are reported toga
between 0.44-0.56 and 0.72-0.91, respectively @uet al., 2002; NRC, 2011). Consequently, it
seems that the absolute values of the paramettasrdeed in the present study are overestimated
(kg ey Kg vey) and underestimated (ROC, SOC, PBME,) to some extent. This was maybe in
part a result of a drift of oxygen electrode caltion causing inaccurate dissolved oxygen
measurements and respiration rate determinationks@h, 2002). However, the latter aspects do
not imply that the statistical results of the poais mentioned parameters between salinities are

affected and therefore the general purpose of issept study as well.

Conclusion

Regarding the reduced nutrient and energy digdéstikiith increasing salinity in the present study
it would be necessary to adjust the amount of segdeed in turbot aquaculture dependent on
salinity conditions.

Due to only small differences in SOC and ROC andlarities in DE, and ME, as well as Kog)
and k (vg) between different salinities in our experiment #mergetic requirements for iono- and
osmoregulation in juvenile turbot seems to be snmallrelation to the total energy budget.
Consequently, turbot has good adaptability to gglinvhich supports the euryhaline character of
that species. We infer that respirometry accomphwnigh the determination of the N-balance can
be suitable to determine estimates of,Ddhd ME, in fish, because of providing nearly similar
results as the comparative slaughter technique.

It is concluded that at high energy intake turbatyrshow best energy utilization and growth at an
intermediate salinity (20 g1), whereas rearing them at a higher salinity (30" might decrease
the latter parameters due to reducgd/ddues. On the other hand, our findings indictiat it is
possible to expand the aquaculture of turbot t@steaving lower salinities (10 g} without
significant effects on energy utilization and grbwtin this context, the influence of salinity on
dietary digestibility has to be considered.
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General Discussion and Conclusion

Results of bioenergetic studies have been widetd @isr diet formulation and evaluation as well as
to predict the energy balance of fish in aguacalt{€ho, 1992; Cho & Bureau, 1995; Lupatsch,
2009). The energy requirement of the fish is depahdn growth (potential, composition of weight
gain) and demand for maintenance (Lupatsch, 2008¢. challenges are to reduce feed costs,
improve conversion efficiency and minimize enviramtal impact. One of the approaches is to
accurately quantify energy and nutrient requiremertfish and choose feed ingredients according
to least cost principle (Lupatsch, 2009). Consiteian increasing turbot production (FAO, 2010,
2005-2012) decreasing market prices accompaniddlamter profit margins are expected (Person
Le-Ruyet, 2002). Nevertheless, there is no inforomaabout the maintenance energy requirements
(DEm, MEn) and efficiencies of energy utilization for grow{Ry pe) Ky ve)) available in the
literature for that species. However, Fonds etl&l92) indicated that flatfish having a lower energ
expenditure (maintenance + activity + Specific dgi@aaction (SDA)) than other fish commonly
kept in aquaculture. Therefore, the present exparimintended to determine RE&Nnd ME, as
well as k ey, Ky (ve) USINg either a common growth trial in combinatieith the comparative
slaughter techniqueclfapter 1) or respirometrydhapter 2). Furthermore, the effects of biotic (fish
strain, dietary compositionchapter 1) and abiotic (salinity;chapter 2) factors on energy
metabolism and energy budget of turbot were exatnilmethe respirometric experiment turbot of
the same strain as well as a similar composedikieein the growth trial were used to verify if ot
methods provide comparable results.

The results of both trials regarding the appliedhoé and the effects of turbot strain, fish meal
replacement by wheat gluten and salinity on diethggstibility, energy budget and REMEn, kg

k), as well as kwme) are discussed in the following sections.

Methological comparison

Both methods (respirometry, comparative slaugtdgehriique) to determine the energy balance in
fish have their individual merits and limitationhe advantage of respirometry is that current
observations on energy metabolism are possiblell $trenges in energy balance and the effect of
different experimental conditions (e.g. fish sizish strain; temperature; salinity; dietary
composition; nutritional status and history) carshelied within a relative short time period aslwel
(Steffensen, 1989). Short time experiments alsauaedproblems of accumulation of products

excreted by fish (Forstner, 1983). Additionally,istnot necessary to kill any fish and the same
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individuum can be used for further measurementaxt@l, 1967). On the other hand respirometry
requires a complex technical equipment, an accuraasurement (i.g., correct calibration of
probes) and careful consideration of several ssuoé@rrors, e.g., sustain a constant flow rate and
an adequate recirculation of the water body, oxygersumption by bacteria as well as appropriate
ratios of fish size (Steffensen, 1989). Furthermeh®rt time periods of observation can differ from
the real mean rate due to day-to-day variation, m@ctivity or feed intake (Blaxter, 1967).

In contrast to fish respirometry, the comparatiV@ughter technique necessarily involves the
slaughtering of fairly large groups of animals &muce the inaccuracy in the estimation of RE
(Blaxter, 1967). However, this method provide adirmeasure of RE, limited only by analytical
accuracy, space required, the necessity of long tntervals to ensure an adequate growth and by
the basic assumption that initially reference axgeemental groups of fish have the same energy
content. With proper numbers of fish and randonoraof individuals the latter assumption does
not result in systematic error (Blaxter, 1967). Aideally, the sampled fish have to be
representative for their respective reference @eamental group. The results of the comparative
slaughter technique are in good agreement withetlebsndirect calorimetry (Bureau et al., 2002)
and several studies have used this approach (Aaeateal., 1998; Helland et al., 2010; Lupatsch et
al., 2003; Rodehutscord & Pfeffer, 1999). Furtherendhe comparative slaughter technique can
also be used to determine the retention and balahogacro- and micronutrients (protein, amino
acids, lipid, vitamins, minerals).

DE,, and ME, determined in the growth trial (17.0 and 15.5 &3%d™, respectively) were close to
values obtained by respirometry (14.9-19.1 and-13.3 kJ kd®d?, respectively), wheras; ko)

and kg (vey were considerably lower (0.59 and 0.63, respelghwwhen using the comparative
slaughter technique than respirometry (0.82-0.86 @86-0.91, respectively). This can maybe
attributed to measuring inaccuracies regarding dkggen consumption. Nevertheless, it was
suggested that respirometry accompanied with thermiéation of the N-balance can provide
results close to the comparative slaughter tecleniggarding the estimation of Riand ME,. The
latter is in agreement with the statements of Buiedaal. (2002).

Dietary digestibility

ADC-values in the current study based on the detations at one feeding level only (1% BW).
Commonly, most studies show that feeding levelsehaw impact on digestibility of nutrients
(assuming that feed intake is not below levels adetb support reasonable growth rates) and

intestinal absorptive capacity is not likely to &dimiting factor for nutrient digestibility (NRC,
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2011). Therefore, the use of the same ADC-valuasubients and energy for all feeding levels in
the present study is considered to be acceptable.

Due to low amounts of digesta sampled in the hiot @ was impossible to realize chemical
analyses within each replicate. Thus, we decidgubtd the samples from all replicates within each
diet (growth trial) and salinity (respirometricat). Therefore, statistical analysis was not pdssib
and consequently resulting in estimated ADC-valligswvever, the observed ADC-values can be
considered as representative as ADC-values of rgligtatrients and energy are in the range of
values determined by other studies with turbot (R@u et al., 2004; Oliva-Teles et al., 1999; Peres
& Oliva-Teles, 2005; Regost et al., 2001, 2003) atldntic halibut Hippoglossus hippoglossus)
(Berge & Storebakken, 1991; Grisdale-Helland & Hedtl, 1998) at similar dietary composition.
Variations of ADC-values between studies may beseduby using different feces collecting
methods.

Due to pooling fish from DK and IS related to thB@ determination in the growth trial the effect
of fish strain on ADC of nutrients and energy contil be investigated. Furthermore, it appears that
ADC-values of energy and lipid were not affectedewtreplacing fish meal by wheat gluten,
whereas the ADC of protein seems to slightly inseealhe improved ADC of protein maybe
attributed to a higher protein digestibility of vategluten than fish meal potentially including less
digestible proteins from bones or scales (NRC, 208DC-values of energy and protein seemed to
decrease at increasing salinities according toraeseudies with other fish species (Ferraris et al
1986; MaclLeod, 1977; Ringg, 1991; Storebakken.etl8b8; Woo & Kelly, 1995). This reduction
can likely attributed to higher drinking rates atreasing salinities (Boeuf & Payan, 2001), which
could consequently increase gastric emptying iatestinal passage rate and pH in the digestive
tract as well as decrease feed breakdown and adlmsogf nutrients and energy (Ferraris et al.,
1986; MacLeod, 1977; Usher et al., 1990).

Energy budget

Energy losses by feces in the present experimeate m the range (15-40% of GE) commonly
reported for fish fed commercial diets (Cho & Bureda995; NRC, 2011). Fecal energy loss was
lower in the respirometric experiment (13-16% of)QGRkan in the growth trial (21% of GE)

probably due to the use of different fish sizesicivhs known to potentially influence nutrient and
energy digestibility, with small fish seems to digéeed less efficiently than larger fish (Jobling,
1994; Ferraris et al., 1986). N-excretion is diecbrrelated with DPI (Ballestrazzi et al., 1994;

Beamish & Thomas, 1984; Dosdat et al., 1995; K&u&hMedale, 1994) and in consequence with
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energy intake from protein (DEjlas well. The latter was confirmed in the pressintly as the
replacement of fish meal by wheat gluten increag Bccompanied with slightly higher non-fecal
energy losses likely a result of the slightly iresed dietary protein content and ADC of protein.
Despite an apparent increase of energy losses bychetion with increasing salinity (due to the
influence of salinity on the ADC of protein) no sificant difference in N-excretion between
salinities was observed in general. The averagefexal energy loss in both studies ranged
between 6-7% of DE intake and was similar to comigndenoted values of 3-6% (Bureau et al.,
2002; Kaushik & Médale, 1994).

Fonds et al. (1992) showed that 53-55% of ME intedaults in RE and 42-47% is lost as heat
(MEn, + activity + SDA) in plaice Rleuronectes platessa) and flounder Rlatichthys flesus) when

fed to satiation. The latter proportion of RE isi#ar to results at the highest (1.2-1.3% of BW)t b
lowest (0.3% of BW) feed intake in the growth amdpirometric trial, respectively. The higher
proportion of RE at the higher feed intake levéd$6{0.9% of BW) in the respirometric trial
compared to the study of Fonds et al. (1992) maytduhe higher oxygen consumption recorded
for plaice and flounder representing a higher epérgs by heat. The proportion of retained energy
as protein of RE was unaffected by turbot straid @@ replacement of fish meal by wheat gluten,
thus, confirming results of Helland & Grisdale-Heitl (2006), who observed also no effect of
replacing fish meal by wheat gluten in diets folastic halibut Hippoglossus hippoglossus L.) on
protein as well as energy retention. The experiménthe present study showed that neither the

strain of turbot, a replacement of fish meal by attgduten nor ambient salinity affected total RE.

Maintenance ener gy requirement and efficiency of energy utilization for growth

DEn, and ME, are known to be influenced by several factorshasBW, temperature, fish species
and diet composition (Azevedo et al., 1998; Bureawal., 2002; Jobling, 1994; Lupatsch et al.,
2003). The results of the growth trial showed ddfeces in DE and ME, between the two strains
of turbot and support the observations of Imslandafassen (2001), who indicated that energy
requirements (maintenance + activity + SDA) caffedibetween distinct strains of Atlantic halibut
as well. Ky ogy and kg (vgy in the present study also differed between the dts@ins of turbot and
being at the lower point of the range of valuesedwined in other aquaculture species like
European sea bas®ientrarchus labrax), gilthead sea breanSfarus aurata), white grouper
(Epinephelus aeneus) (Lupatsch et al., 2003) and barramurdités calcarifer) (Glencross, 2008).
Therefore, results of the present study supporsstaeement of Lupatsch (2009) that maintenance

requirement expressed per kg metabolic body wesgbpecies specific, but contradict the position
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that k; is relatively constant and independent from fisacses. Although not directly comparable to
the present results Imsland et al. (2000) obsedrdrences in K g)in various populations of
Atlantic halibut, which suggests that intraspecifariations maybe also generally present in turbot
considering k og) and k ey Additionally, Jobling (1994) noted that breedmg well as hatchery
programes in aquaculture usually aim in productibfast growing strains of fish. The latter author
pointed out that strains known to grow most rapigihyl most efficiently often show low rates of
protein breakdown and turnover leading to lowert£de maintain status quo. Therefore, it is
hypothesized that the differences in p&d ME, as well as kpg) and k ey between strains in
the present study may reflect different periodsboéeding and hatchery selection. However,
detailed informations on time of domestication #mel genetic background of both strains of turbot
in the present study were not available.

Whereas no reference was available for fish intigaeffects of dietary protein source on the
maintenance energy requirement, Nieto et al. (199%6wed that feeding a diet deficient in one
indispensable amino acid to growing chickens ireeedE, and kg \e). This effect was assumed to
be caused by an intensified muscle protein breakdasulting in higher energetic costs for protein
turnover as well as a decreased and increasedkafficof protein and lipid retention, respectively.
Replacing dietary fish meal by wheat gluten seemesatise a similar effect than observed by the
latter authors, however, in diets not deficienany indispensable amino acid. Whether the results
in the present study were also caused by changbedy protein breakdown needs to be further
investigated. Overall, results in the present stsityw that DE, of turbot was lower than reported
for most other aquaculture species and supporsulggestion of Fonds et al. (1992) mentioned in
the former sections.

It was shown that DEand ME, as well as &gy and k (vey were similar at different salinities and
being in consistence with observations by Tand.e2806), who showed similar metabolic rates
after 48 h of adaption to changed salinities. Thesults of the present study support the statement
that metabolic costs required for iono- and osmualeggpn are small and therefore any changes
would be almost undetectable (Jobling, 1994). Diedpie lack of significant differences, it seemed
that DE, and ME, as well as kg and k i decreased at higher salinities (30 g).LSeveral
studies (Boeuf et al., 1999; Boeuf & Payan, 200brdan & Iwama, 2001) mentioned the role of
hormonal changes (e.g. cortisol, growth hormongyroid hormones), also known to affect
metabolic rate and growth of fish, related to chaggalinities. Therefore, the lower values of DE
and ME, as well as kpg) and k e determined at a salinity of 30 g'lwere probably caused by
changes in hormonal status or spontaneous act{itytil et al., 1997) as well, rather than

osmoregulation per se.
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Referring to the total energy allocation the rekfproportion of DE, as well as Mk decrease and
of RE increase with increasing energy intake. Tloeee the k-values become more important than
DEn, and ME, when considering energy utilization and growthtHis context turbot reared at an
intermediate salinity (20 g'1) showed the most favourable combination of,#d Iy oE) as well
as for ME, and kg gy for highest energy utilization and growth at highergy intake. This
assumption is supported by results of Imsland .e2801b), who showed best growth of juvenile
turbot at a salinity of 19-20 gL

Practical implications

In total, results of the present study provide dalsita of the energy metabolism of juvenile turbot
which may allow reasonably accurate feeding statsdar be calculated for aquaculture production
of that species. The latter can reduce feed costsherefore may ensure an adequate profit margin.
Furthermore, the present study implies that differgtrains of turbot having different characters
regarding the energy metabolism, which indicates ithmight be advisable to consider the strain of
fish when selecting turbot used in aquaculturetediao production purposes. However, this
suggestion has to be verified in further experiragespecially with larger fish, as no significant
differences in RE have been observed between stranditionally, further research is needed to
evaluate if it would be necessary to adjust thegnsupply when fish meal is replaced by wheat
gluten or other protein sources due to changesé@ngy metabolism. Nevertheless, wheat gluten
can be used up to 33% in turbot diets without reduRE and growth.

Results in the present study suggest that reanvenjle turbot at an intermediate salinity (20 L
will provide the prerequisites for highest energylization and growth at high energy intake.
Furthermore, rearing juvenile turbot at a loweirsgl (10 g L") caused no significant effect on the
latter parameters. As cage culture of turbot issmered to be in its pilot stage and location a
crucial factor regarding productiviffrAO, 2005-2012), the present results indicateoiygortunity

to expand turbot aquaculture to areas with lowenisias. In this context, the influence of salinit
on dietary digestibility has to be considered. Gouently, energy and nutrient supply should

increase with elevated salinity levels.
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Summary

Aquaculture continues to be the fastest-growinghdnaproducing foods from animal origin. In
Europe the production of turboPgetta maxima), a species of high commercial value, rapidly
developed over the last decade and is highest afftetfighes.Considering an expected increase in
turbot production accompanied with decreasing nigrkieesit is of highest relevance to improve
the production efficiency of turbot farming to mt@im an adequate profit margin. Feeding
efficiency is a crucial factor, because feeds regme a minimum of 17% of the total production
costs. In addition to the energy required for memance the feed must supply the precursors for
new tissue production as well as the energy negedea synthesis of both protein and lipid.
Informations about the maintenance energy requintrmied the efficiency of energy utilization for
growth are the basis for a performance-relatedifgeaihd a corresponding diet formulation.

In the present study the digestible and metabdkzahergy requirements for maintenance {DE
ME) as well as the respective efficiencies of enauglzation for growth (i ey Kg (ve) In
juvenile turbot were determined and the effectbiofic or abiotic factors examined. Two different
methods for determination were applied.

In chapter 1 growth experiments accompanied with comparativelesbody composition analyses
were realized to determine RENnd ME, as well as ke and k \e). The effects of the fish strain
(Denmark, DK; Iceland, I1S) as well as the partiafiplacement of fish meal by wheat gluten in the
diet were examined as possible factors affectimgethergy metabolism. Turbot were reared in a
recirculation aquaculture system for 67 days..Mfad DE, were 15.5-21.4 and 17.0-23.5 kJ%g
d*, respectively, andggvey and k oe) Were 0.63-0.68 and 0.59-0.64, respectively..\iBd DE, as
well as for ly ey and k gy in turbot from IS were higher than in fish from DBut without any
effect on energy retention. Turbot receiving thet dvhere fish meal was partially replaced by
wheat gluten showed higher RBut not ME,. No effect on energy retention was observed.

In chapter 2 oxygen consumption (OC) was measured using flowadth respirometry to
determine DR and ME, as well as kg and k gy and to examine the influence of salinity on
energy metabolism in juvenile turbot. Turbot weeared in a recirculation respirometry system at
three different salinities (10, 20, 30 g)Land OC was recorded for a 24 h period. Thereiteace
that nutrient and energy digestibilities decreasgt increasing salinity. D and ME,, kg oy and

kg vy Were 14.9-20.2 and 13.3-18.3 kJ%g™, 0.82-0.87 and 0.87-0.91, respectively. Generally,
no differences were observed in REMEn, kg ey and k (e between salinities, but it was
indicated that these parameters decrease at asalir80 g L*. Furthermore, turbot showed the

most favourable combination of RENd k og) as well as Mg and k (g at salinity of 20 g Lt
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concerning growth and energy utilization at highergly intake, whereas these combinations
became less favourable at 307G L

Results from experiments in the present study stimw both methods are equally suitable to
determine DE and ME, in juvenile turbot. Differences in energy metabuoli between various
strains might be considered when selecting turtioafuaculture production. It was shown that the
partial replacement of fish meal by wheat glutecréased D and k og) as well as ME and k
). Nevertheless, wheat gluten can replace fish meab a total inclusion level of 330 gkin
diets for juvenile turbot without negative effeaa growth performance and energy retention.
Furthermore, the present study show that the etienguirements for iono- and osmoregulation
in juvenile turbot are small and fish have the nfagburable attributes for high energy utilization
at an intermediate salinity (20 g*), whereas these attributes become slightly wotse kigher
salinity, which maybe have adverse implications dguaculture production. The results of the
present study indicate that it is possible to exipdre aquaculture of turbot to areas having lower
salinities (10 g [). The influence of salinity on nutrient and enedjgestibility seems to be an

important factor to be considered in this context.
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Zusammenfassung

Aquakultur stellt weiterhin den am schnellsten wasiden Produktionszweig bei der Erzeugung
tierischer Lebensmittel dar. In Europa hat sicterhalb des letzten Jahrzehnts die Kultivierung von
Steinbutt Psetta maxima), einer Art von hohem wirtschaftlichem Wert, staktwickelt und ist
gegenwartig am hochsten unter den PlattfischatenAnbetracht einer voraussichtlich weiter
ansteigenden Produktion einhergehend mit sinkendarktpreisen, ist die Verbesserung der
Wirtschaftlichkeit der Steinbutthaltung entscheidlemm eine angemessene Gewinnspanne aufrecht
zu erhalten. Die Futterverwertung ist hierbei egsentlicher Faktor, da Futterkosten zu mindestens
17% der gesamten Produktionsausgaben beitrageétziios zur Energie fur den Erhaltungsbedarf
muss das Futter die zum Aufbau neuer Korpersubstatvweendigen Ausgangsstoffe liefern sowie
die dafr noétige Energie zur Protein- und Fettsgagh bereitstellen. Informationen zum
Energieerhaltungsbedarf und zur Effizienz der Eleeegwertung fur das Wachstum sind die Basis
fur eine leistungsgerechte Futterung und eine eztbpnde Rationsgestaltung.

In der vorliegenden Dissertation wurden der Ermgjbbedarf flr verdauliche und umsetzbare
Energie (DE,; MEn,) sowie die jeweiligen Effizienzen der Energievertnag fur das Wachstum ¢k
oE), Kg ve)) beim juvenilen Steinbutt bestimmt und der Eindlusn biotischen und abiotischen
Faktoren untersucht. Zwei methodisch unterschipdliderangehensweisen wurden dabei gewahlt.
In Kapitel 1 wurden Wachstumsversuche in Verbindung mit Garmk@nalysen durchgefihrt, um
DEn und ME, sowie k pgy und k ey zu bestimmen. Dabei wurden die Effekte von Fisahst
(Danemark, DK; Island, IS) sowie des partiellenaEzes von Fischmehl durch Weizengluten im
Futter als potentielle Einflussgrof3en auf den Emestgffwechsel untersucht. Die Steinbutte wurden
67 Tage in einer Aquakultur-Kreislaufanlage gemaltelE,, und DE, betrugen 15,5-21,4 bezie-
hungsweise 17,0-23,5 kJ k& und k i) sowie k og) 0,63-0,68 beziehungsweise 0,59-0,64.
MEm, und DE, als auch ke und k og) lagen bei den Steinbutten aus IS hoher als beirdans
DK, ohne aber die Energieretention nennenswert eeinflussen. Steinbutte die Rationen, bei
denen Fischmehl teilweise durch Weizengluten aasgeht wurde, erhielten, wiesen einen
hoheren DE nicht aber ME, auf. Ein Effekt auf die Energieretention wurdelibeobachtet.

In Kapitel 2 wurde der Sauerstoffverbrauch (OC) mittels DurcddlRespirometrie gemessen, um
DEn und ME, sowie kg og) und k ey zu bestimmen und den Einfluss des Salzgehaltesleuf
Energiestoffwechsel beim juvenilen Steinbutt ziewsuichen. Die Steinbutte wurden dafur in einem
als Kreislaufanlage konzipierten Respirometersysteen drei unterschiedlichen Salzkonzen-

trationen (10, 20, 30 g 1) gehalten und der OC fiir einen Zeitraum von 24&mn aufgezeichnet.
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Zusammenfassung

Es deutete sich an, dass die Nahrstoff- und Energlaulichkeit mit ansteigendem Salzgehalt
abnimmt. DE, und ME, sowie k gy und k ey betrugen jeweils 14,9-20,2 und 13,3-18,3 kJ
kg®®™* sowie 0,82-0,87 und 0,87-0,91. Grundsétzlich kenrkeine Unterschiede bei REMEnm,

Ky oE)y uUnd k mey zwischen den Salzkonzentrationen festgestellt ereréEs zeichnet sich jedoch
ab, dass diese KenngréRen bei einem Salzgehal80ap L* abnehmen. AuRerdem wiesen die
Steinbutte bei einem Salzgehalt von 20 g die giinstigste Kombination von REund k o
beziehungsweise MEund k wg fir das Wachstum und die Energieverwertung beiehoh
Energieaufnahme auf, wohingegen diese bei 30 gtvas ungiinstiger ausfielen.

Die Ergebnisse aus den Versuchen der vorliegenddreitA zeigen, dass beide Methoden
gleichermalRen geeignet sind PEnd ME, beim juvenilen Steinbutt zu bestimmen. Die Unter-
schiede im Energiestoffwechsel zwischen verschienleBtammen sind bei der Auswahl von
Steinbutten fir die Aquakultur moglicherweise zutio&sichtigen. Es konnte gezeigt werden, dass
sich DE, und k og) Sowie ME, und k; e durch den partiellen Austausch von Fischmehl gegen
Weizengluten erhéhen. Dennoch kann WeizengluteRiathimehlsubstitut bis zu einem Anteil von
330 g kg' im Futter fur juvenile Steinbutte eingesetzt werdehne sich negativ auf die
Wachstumsleistung und die Energieretention auskewirWeiterhin zeigt die vorliegende Arbeit,
dass der Energiebedarf fur lonen- und Osmoreguldd@m juvenilen Steinbutt nur gering ist und
die Fische bei mittleren Salzkonzentrationen (20 die giinstigsten Voraussetzungen fiir eine
hohe Energieverwertung aufweisen, wohingegen dsgésde bei hoherem Salzgehalt geringflgig
verschlechtern, was sich nachteilig auf die Pradukauswirken kénnte. Demgegenuber deutet die
aktuelle Studie an, dass es mdglich ist die Agquakulon Steinbutt auch auf Gebiete mit
niedrigerem Salzgehalt (10 g} auszudehnen. Der Einfluss des Salzgehaltes auN&#hrstoff-
und Energieverdaulichkeit scheint ein wesentlidfadttor zu sein, der in diesem Zusammenhang zu

beachten ist.
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