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ABSTRACT: Deleterious changes in metabolism, growth performance and body composition may be observed
if fish are constrained to swimming continuously or intermittently at over-speeds. This study evaluates effects
of four water speeds on growth, body composition and hematologic profile of juvenile matrinx3, Brycon
amazonicus. Fish (33.3 + 0.9 g and 13.44 + 0.1 cm) were held for 90 days in five water speeds (0.0 - control,
1.0, 1.5, 2.0 and 2.5 body lengths per second - BLAt swimming speeds ranging on 1.0 and 1.5 BL s, in fish
growth was 20% higher. Hemoglobin and red blood cells at 1.5 BL s™" increased 24% and 18% respectively;
hematocrit was 17% higher in all exercised fish; protein content of white muscle at 1.0 BL s was 2% higher;
lipid deposition in red muscle at 1.0 BL s™ was 22% higher and water retention 3% lower. Crude energy levels
enhanced 10% in all exercised fish; liver water retention was 6% lower at 1.0 BL s™'; liver lipid composition was
29% higher than control and 34% higher than 1.5 BL s™}; liver crude energy increased at 1.0 BL's™ as compared
with control and 2.5 BL s™. Lipid deposition in ventral muscle was 9% higher at 2.0 BL s™". Although high lipid
deposition of matrinx3 has been achieved in moderate swimming speeds, lipids may be the main fuel source to
maintain the metabolic demands of exercised matrinxi. The best water flow speed for optimized growth of
matrinxi ranged on 1.0 and 1.5 BL s™.
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Otimizag¢io da velocidade de nado sustentado em matrinxi Brycon
amazonicus: rendimento e aspectos adaptativos

RESUMO: Modificagdes deletérias no metabolismo, rendimento de crescimento e composi¢io corporal podem
ser observadas em peixes forgados a natagio continua ou intermitente sob velocidades excessivas. Neste trabalho,
os efeitos de quatro velocidades de agua no crescimento, composigio corporal e perfil hematolégico foram
avaliados em matrinxis juvenis, Brycon amazonicus. Os peixes (33,3 + 0,9 ge 13,44 + 0,1 cm) foram mantidos
durante 90 dias em cinco velocidades de 4gua (0,0 - controle; 1,05 1,5; 2,0 e 2,5 comprimentos corporais - BL
por segundo). As melhores velocidades de nadado estiveram entre 1,0 e 1,5 BL s™', nas quais o crescimento dos
peixes foi 20% maior que nas outras. A hemoglobina e as células vermelhas do sangue em 1,5 BL s™ aumentaram
24% e 18% respectivamente; o hematdcrito foi 17 % maior em todos os peixes exercitados; o contetdo de proteina
do misculo branco em 1,0 BL's™ foi 2% maior; a deposigio de lipidio no musculo vermelho em 1,0 BL s™ foi 22%
maior e a retengio de dgua foi 3% menor. Os niveis de energia bruta aumentaram 10% em todos os peixes
exercitados; a retengiio de dgua no figado foi 6 % menor em 1,0 BL s™'; a composigio de lipidio no figado foi 29%
maior do que o controle e 34% maior do que a 1,5 BL s7'; a energia bruta no figado aumentou em 1.0 BL 5™
comparada com o controle e 2,5 BL s™'. A deposigio de lipidio no musculo ventral foi 9% maior em 2,0 BL s™.
Embora alta deposigio de lipidio em matrinx3 tenha sido obtida em velocidades moderadas de nado, os lipidios
podem ser a fonte de combustivel principal para manter as exigéncias metabélicas de matrinx3 em exercicio. A
melhor velocidade de nado para obter o melhor crescimento em matrinx3 est4 entre 1,0 e 1,5 BL 5™
Palavras-chave: composicio corporal, exercicio, crescimento, hematologia

Introduction

There is a direct relationship among fish health, nu-
trient assimilation, ability to respond to diet changes and
body composition (Shearer, 1994; Jobling, 2001). The
body composition (BC) of fingerling fish age while lipid
contents increase, but proteins are a fixed fraction in fish
carcass (Yogata and Oku, 2000; Rasmussen, 2001;
Weatherley and Gill, 1983). Enhancement of food con-
version and growth rate is fundamental in aquaculture
operations. Both endogenous factors are directly related
to size and body mass.

Among exogenous factors, food intake is also criti-
cal. For instance, dietary lipid composition is reflected
in quality and fatty content of fillet, which is basically
protein (Kiessling et al., 2005). Culture environment ver-
sus habitat, or rest state versus exercise condition are also
relevant external factors (Rasmussen, 2001). Fish culture
under sustained swimming may result in growth stimu-
lation, increased protein synthesis, feeding efficiency,
glycogen storing, lipid increase in liver and muscle, in-
creased haemoglobin concentration, reduced aggressive-
ness (Davison and Goldspink, 1977; Johnston and Moon,
1980; Davie et al., 1986; Lay and Baldwin, 1999;
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Hackbarth and Moraes, 2006), improvement of meat
quality (Bugeon et al., 2003; Bjornevik et al., 2003),
changes on poly-unsaturated fatty acids profile
(Kiessling et al., 2005), and reduction of size hetero-
geneity (Christiansen and Jobling, 1990; Davison,
1997).

Among freshwater fish with manifest farming po-
tential, the neotropical matrinx3 Brycon amazonicus, is
a promising species (Gomes and Urbinati, 2005; Scorvo
Filho and Marques, 1998; Arbelaez-Rojas et al., 2002;
Brandio et al., 2005). Exercise improves many aspects
on the species growth and development performance,
such as increased protein and reduced lipids contents
of fillet, as reported by Arbelaez-Rojas and Moraes
(2009) and Hackbarth and Moraes (2006). Therefore, it
is interesting to evaluate the relevance of exercise in-
tensity on body composition, growth and hematologi-
cal profiles of juvenile matrinxa submitted to sustained
swimming.

Material and Methods

Juvenile matrinxi (Brycon amazonicus) were hauled
to 2000-L fiberglass tanks in a closed loop system and
fed for three weeks with a commercial diet (36% crude
protein - CP) under natural photoperiod for acclimation
purposes. Next, fish were parted into uniform-sized
groups (13.44 + 0.1 cm; 33.33 + 9.5 g ) and stocked into
five, 250-L circular fibreglass tanks (n=20), each animal
representing one experimental unit. Fish were individu-
ally tagged with a microchip for posterior assessment
of individual growth.

Sustained swimming system

Tanks had conical-shaped bottom leaning 20° from
the edge to a central outlet for easy cleaning, auto-dis-
posal of organic matter and debris. Tanks were supplied
by biologically filtered water under controlled tempera-
ture. Water flow was adjusted to the needed circular wa-
ter speed with the aid of % HP pumps, and gauged with
a mechanical flow meter (General Oceanic Inc., Miami,
Florida). Fish were kept out or the central region of the
tanks by a PVC net column (1/3 of total tank diameter).
Since the tangential speed decreases from the edge to the
centre of cylindrical containers, these columns allowed
fish to swim into a circular, narrow water column un-
der constant, regular speed.

Water quality

Water parameters were checked three times a week
and the average values during the trials were: tempera-
ture 27.5 + 0.9°C; dissolved oxygen 5.3 + 0.07 mg L';
pH 7.2 + 0.4; ammonia 0.03 + 0.04 mg L, and conduc-
tivity 71.6 + 4.8 pS cm™. Ammonia (N-NH,") was deter-
mined by colorimetric method (Gentzkow and Masen,
1942) and chemical-physical parameters by
electrometric procedures (pO, by YSI 55 oxymeter and
pH by Orion 710 pHmeter). The fish were acclimated
in such system for one week before trials.

Experimental design

Statistic design considered five treatments - speeds,
randomly assigned to tanks - with experimental units
represented by 20 tagged fish per treatment. Fish or-
dinarily swam counter water flow. The water speed
was monitored at distinct positions and adjusted as
needed each two weeks. The water speeds were O (con-
trol), 1.0, 1.5, 2.0 and 2.5 body-length (BL) per second.
Fish were fed to satiety for 90 days with an extruded,
commercial diet (32% CP) under natural photoperiod
(May-July). Individual biometry (length and weight)
was performed every 21 days; fish were anesthetized
with 40 mg L™ eugenol before handling (Inoue et al.,
2003).

At the end of trial, feeding was discontinued for 24h;
10 fish were randomly sampled from each tank and
blood samples drawn from the caudal vein in heparin-
ized syringe. Six fish were sampled per treatment, an-
aesthetized, euthanized and kept at -20 °C for body com-
position (crude protein, ether extract, crude energy, and
dry matter) of white muscle (collected at the dorsal por-
tion of the body), red muscle (collected at the lateral line

of the body), ventral muscle (collected at the ventral re-
gion of the body) and liver (AOAC, 1990).

Hematology

Hematocrit (Collier, 1944), total haemoglobin
(Drabkin, 1948), and red cell counting (Lima et al., 1969)
were determined using the blood samples.

Statistics

Variability among treatments was detected by one-
way ANOVA followed by Tukey’s multiple range test
(Sokal and Rohlf, 1980) (ov = 0.05). Data concerning the
Uniformity Index were submitted to angular transfor-
mation before analyses. Statistic evaluation was done
with Statistical Analyses System (SAS) version 8.0.

Results

Growth and behavior

The growth of matrinxa was affected by the swim-
ming speed. No significant differences were observed on
body weight of fish kept at 1.0 and 1.5 BL s™. Fish en-
couraged to swim at 1-1.5BL s™' presented enhanced
body mass in comparison to other water speed condi-
tions. The increase of the swimming speed from 1.5 to
2.5BL s™ resulted in reduction of growth tending to the
same performance of the non-exercised fish (Figure 1).
Fish kept at 1.5 BL s presented better size uniformity
(95.45%) while those kept 2.5 BL s™ presented uneven
size (Table 1). Condition factor was higher (1.0450) in
fish swimming at 1.5 BL s™, and the specific growth rate
was higher in fish swimming at 1.0 - 1.5 BL s (1.72); in
this case, values were 17% higher than control group.
Fish encouraged swimming at 1.0 - 1.5 BL s™ were 20%
heavier than those kept in standing waters. The most ef-
ficient feed conversion and the highest daily weight gain
was observed at 1.0 BL s™.
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Fish kept in flowing water systems at different speeds
positioned against the water flow showing typical reofilic,
schooling behavior, crowding near tank bottom. Fish sur-
faced usually only at feeding time during the day but dis-
persed across the entire water column during the night.

Hematology
Fish swimming at 1.5 BL s™ presented the highest he-
moglobin concentration (24 %) and the largest number
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Figure 1 - Initial and final body-weight expressed as mean +
SD of juvenile matrinxa Brycon amazonicus,
submitted to sustained swimming at 0.0; 1.0; 1.5; 2.0
and 2.5 BL sec!. Different superscript letters mean
difference among treatments (p < 0.05).

of red blood cells (18%). The hematocrit value increased
about 17% in all exercised fish groups. No variations
were detected in the other hematological parameters

(Table 2).

Body composition (BC)

Protein content of white muscle of fish kept at 1.0
BL s was 3% higher than control or than higher water
speed groups. Red muscle of fish encouraged to swim-
ming at 1.0 BL s™" stored the highest lipids contents (42%)
and the lowest water contents (3%) compared to con-
trol group. Crude energy of red muscle was in average
10% higher in all groups of exercised fish. The liver wa-
ter content was 6% lower in fish swimming at 1 BL s/,
in comparison to those kept at 2 BL s™. In such groups,
liver lipid and crude energy contents were, in average,
23% and 8% higher than other conditions, respectively.
However, lipid deposition in ventral muscle was 9%
higher in fish kept at 2 BL s™ (Table 3).

Discussion

Because of its omnivorous alimentary habit, fast
growth rate, easy adaptability to farming systems and
good feed conversion rates, the Amazonian Characin
matrinxa is a biological model well fitted to intensive
fish farming (Gomes and Urbinati, 2005; Scorvo Filho
and Marques, 1998; Brandio et al., 2005). The species’

Table 1 - Growth performance of juvenile Brycon amazonicus under sustained swimming.

Water speed

Item

0 1 1.5 2 2.5
THL (%) 71.72 91.00 95.45 76.20 68.20
DWGH 1.0 1.4 1.2 1.1 1.0
K 0.9997° 1.0097° 1.0450° 0.9735¢ 0.9969°
AFCEY 1.33 1.20 1.50 2.40 2.30
SGRYV (%) 1.43b 1.712 1.722 1.54 1.50°

Fish were held for 90 days at five water speeds expressed in BL (body length) s™'. "THI (treatments homogeneity index) = (N, / Nt)
x 100 (Furuya et al., 1998); N, = number of fish 20% upper the mean weight of the tank; Nt total number of fish. "DWG (daily
weight gain) = (final biomass - initial biomass) / trial length in days. "K (condition factor) = total weight/ (total length)®; (%) =
angular coefficient from the regression between (total weight)/(total length). YAFCE (apparent feed conversion efficiency) = foo
consume/weight gain. YSGR (specific growth rate) = [In final weight - In initial weight / time (days)]x100. Values are expressed as
mean + S.D for three replications. Different superscript letters mean differences at p < 0.05.

Table 2 - Hematological parameters! of juvenile Brycon amazonicus submitted to sustained swimming.

Haematological Water speed

Parameter 0.0 1.0 1.5 2.0 2.5

Hb g% 9.6 + 0.7 10.9 + 3.5 12.7 + 3.4 10.6 + 1.6 10.4 + 1.6
RBC (106/mm?)t 2.3 4+ 0.2° 2.7 + 0.4 2.8 + 0.3° 2.7 + 0.3 27 + 0.3
Ht % 31.8 + 0.8¢ 37.5 + 2.4 407 + 1.20 35.6 + 2.3 393 + 5.1a
MCV (u3)" 1374 + 13 143.4 + 27 148.6 + 17.9 132.8 + 21.7 146.6 + 259
MCH (ug)" 415 + 46 379 + 15.7 4541 + 11.8 3772 £ 6.5 37.5 59
MCHC (%)Y 302 + 1.7 266 + 9.6 30.8 + 8.2 28.6 + 4.0 262 + 5.4

Fish were held for 90 days at five water speeds expressed in BL (body length) sec!. ' Values are mean + S.D for 3 replications. " RBC:
Red Blood Cells. ™Mean Corpuscular Volume. Y Mean Corpuscular Haemoglobin. VCHCM: Mean Corpuscular Haemoglobin
Concentration. Values with distinct superscript letters are differences (p < 0.05).
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Table 3 - Proximate body composition (wet weight) of juvenile Brycon amazonicus submitted to sustained swimming.

Body Water speed
comparument | Tameter 0.0 1.5 2.0 25
Moisture 764 + 0.1 76.1 + 0.2 76.2 £ 03 759 + 0.2 76.5 + 0.3
. CP 201 + 1.2 208 + 0.5 20.5 + 0.9 206 + 0.5 201 + 2.1
White muscle EE 079 + 1.4 0.81 + 1.3 092 + 0.8 093 + 0.4 0.80 + 0.8
CE 4643.6 4755.0 47246 4617.4 4613.6
Moisture 732 £ 1.3° 71.1 £ 1.0° 727 % 1.1 714 £ 1.2 714 £ 1.1°
CP 182 + 2.2 18.5 + 0.7 17.7 + 0.4 18.3 + 4.3 18.2 + 0.5
Red muscle FE 45 4 1.3b 7.8 +2.8° 6.3 + 2.4 6.3 + 4.6 6.3 + 1.7%
CFE 4863.5 5173.4 5575.6 5322.4
Moisture 673 + 1.7 656 + 1.6° 676 + 1.7 69.6 + 4.5° 64.5 1 8.4
_ CPp 148 + 07 153 + 2.8 14.6 + 2.2 13.3 + 0.3 149 + 2.7
Liver FE 49 £ 1.5° 74115 46 + 0.6° 57 + 3.0 5.6 + 2.4
CF 4910.7 5183.6 5179.7 4965.2
Ventral muscle |EE 33.8 + 0.6¢ 40.8 + 1.0 36.3 + 0.8° 47.1 + 0.9* 41.2 + 2.6°

Fish were held for 90 days at five water speeds expressed in BL (body length) sec™'. CP: Crude Protein; EE: Ether Extract; CE: Crude
Energy. 'Values expressed as % (mean + S.D) for three replications. Distinct superscript letters means differences at p < 0.05.

behavioral characteristics and body shape suggests that,
if submitted to continuous or intermittent exercise,
should present enhanced growth performance, which
may increase protein contents and reduce lipid deposi-
tion in the filets (Arbeldez-Rojas et al., 2002). However,
there are not enough data which may elicit evaluating
the relevance, for instance, of effects of exercise inten-
sity in body composition of the species. Matrinxa origi-
nally inhabits river rapids and otherl well-aerated, flow-
ing water courses, and has a fusiform shape with excel-
lent hidrodynamic performance, well suited for exercise
physiology studies (Zaniboni Filho et al., 1988).

As stated, sustained swimming at 1.0 and 1.5 BL s™
resulted in highest growth rate of matrinxa juveniles
compared to other groups. Growth performance of fish
swimming at 2.0 and 2.5 BL s™ were similar to the con-
trol. Comparative studies with wild populations of lotic
species have shown that these are better swimmers than
lentic species (Davison, 1989). Previous studies with
matrinxa have shown that fish reared for 72 days at 1.0
BL s grow faster than non-exercised fish and had im-
prove feed conversion rate (Hackbarth and Moraes, 2006).
Some salmonids submitted to sustained swimming at mod-
erate speeds were shown to present better growth perfor-
mance (Davie et al., 1986; Leon, 1986). The maximum
growth rate in this group of species is reached at 1.0 BL s~
', higher speeds reduce growth rate (Hammer, 1994). Ju-
venile striped bass Morone saxatilis also present the best
growth performance at moderate swimming speeds of
circa 0.5-1.2 BL s™ (Young and Cech, 1994). In addition
to the best growth performance, homogeneity of the fish
stock is a very important farming characteristic.

Accompanying the homogeneity index (Furuya et
al., 1998), weight and growth among fish kept at 1.0-
1.5 BL s™ were more uniform than at 2.0 and 2.5 BL s™

(Table 1). The larger heterogeneity of fish length and
growth usually observed in matrinxa more likely re-
sults from hierarchy established in the farming system
(Jorgensen and Jobling 1993; Jobling et al., 1993;
Christiansen et al. 1989), where fish stock from the
same species gradually evolve into a dominant (larger
size; surface swimmers) and a subordinate (smaller
sized; bottom swimmers) class, clearly observed a cap-
tive matrinxa school. Exercise seems to reduce this ad-
verse effect. Size homogeneity is also observed in salmo-
nids endured swimming as compared to non-exercised
fish (Jobling et al., 1993). In lentic waters some finger-
ling fish tend to eat more, therefore growing faster and
precociously reaching juvenile stage. In addition, fac-
tors as individual, genetic differences may contribute
for the size heterogeneity.

The assembly of genetic traits results in the devel-
opment of specimens better suitable for best food con-
version, adaptation to the farming environment and re-
sistance to stressing agents. Specimens bearing such set
of traits are usually called head-water fish in opposition
to the retardatory ones (Jobling et al., 1993; Davison,
1997). In addition to such intrinsic factor, proper fish
farming management are essential. The feeding practices
and stocking density can affect homogeneity. It has been
reported different growth performances, feed conversion,
survival rates and size uniformity for matrinxa reared
in three stocking densities (Arbeldez-Rojas and Moraes,
2009). High stocking density and inadequate feed allow-
ance will result in higher competition so hampering size
uniformity. Hence, larger, dominant and more aggres-
sive fish eat more and hold back the submissive fish
(Carter et al., 1992; McCarthy et al., 1992). Sustained
swimming can reduce such undesirable effect (Jobling
et al., 1993).
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Salmonids submitted to intense water flow find their
bearings against the flow forming schools and reducing
conflict occurrences (Christiansen and Jobling, 1990).
The behavior of matrinxa submitted to continuous swim-
ming was noticeably changed. The fish were tranquil,
swimming in schools during the light periods and spread-
ing during the dark. Considering such behavior was ac-
companied by increased size homogeneity, it is fair to
infer that competition was reduced, that is, this behav-
ior more likely resulted in uniform food intake, maxi-
mizing growth rate. In addition to directly observed pa-
rameters as growth and development, organic factors
also changed in matrinxi. The exercise resulted in adap-
tive responses at hematological level.

Compared to control fish, matrinxa kept at constant
swimming showed increased Ht, Hb and RBC. Regard-
less of being discreetly higher among the most exercised
fish, these parameters were significantly higher in those
submitted to 1.5 BL s™. The metabolic demand imposed
by different swimming speeds should have contributed
to this effect. Similar response was observed in 14-cm
fingerlings of the species submitted to sustained swim-
ming at 42 cm s™ (Hackbarth and Moraes, 2006), i.e., at
3.0 BL s™'. Hemoglobin concentration is reportedly
higher in exercised matrinxa, so these observations
strongly suggest that matrinxa is responsive to exercise
concerning hematological profile. Other relevant ele-
ment to be considered is the fact that matrinxa originally
inhabits lotic environments. There is a correlation be-
tween red blood cells size and oxygen transport capac-
ity (Lay and Baldwin, 1999). Particularly, there is an in-
verse correlation between red blood cells size and the
fish ability to aerobic swimming. High Hb concentra-
tion and smaller red blood cells volume is observed in
the family Carangidae, active swimmers characterized
by well developed red muscles fitted to hold sustained
swimming. Sedentary species, typical from lentic envi-
ronments, present low Hb concentrations associated to
large red blood cells. Furthermore, they present a poorly
developed red muscle, which are quickly exhausted dur-
ing burst-swimming (Lay and Baldwin, 1999).

Even though it is known that factors such as sustained
swimming can effective alter BC improving productiv-
ity, most correlated works focus in nutritional compo-
sition of diets, especially in regard to effects of sources
and levels of protein, lipid and carbohydrate on BC.
Changes in such parameter resulting from sustained
swimming depend not only on diet composition but also
on exercise intensity and fish size (Rasmussen, 2001;
Kiessling et al., 2005). Remarkable changes were ob-
served in the BC of matrinxa submitted to increasing
swimming speeds. Such changes are directly related to
metabolism adaptations. Previous work has shown that
matrinxa’s metabolism is responsive to sustained swim-
ming (Hackbarth and Moraes, 2006). A small increase
in protein content was observed in matrinxa enduring
1.0 BL s water flow. Such protein deposition resulted
from the best feed conversion. Changes in body compo-

sition versus exercise seem to be dependent on fish spe-
cies, feeding, and intensity and duration of the exercise
(Davison, 1997). The muscle phenotypic plasticity is
very expressive in response to exercise, and the muscle
protein delivery is a result of muscle fiber hypertrophy
(Totland et al., 1987; Johnston, 1999). Concerning the lip-
ids, its deposition increased and the reduction of water
content, either in red muscle or liver of fish submitted
to swimming speed of 1.5 BL s™', are suggestive of ana-
bolic effect resultant from exercise. Similar results were
observed in white muscle of brown trout Salmo trutta
submitted to sustained swimming at 1.5 BL s™ (Davison
and Goldspink, 1977). At higher speeds, up to 3.0 BL s™,
lipids were consumed as energy fuel in white and red
muscles. In Arctic charr Salvelinus alpinus kept under
sustained swimming (Christiansen et al., 1989), lipid
deposition decreases with increasing body protein. The
same pattern of response was observed in matrinxa.

The swimming speeds in which fish should present
lower growth rates, lower lipid deposition and higher wa-
ter content in the body, in comparison to sedentary ani-
mals, are more likely those in which high energy levels
should be required to sustain them against the water flow
(Hernandez et al., 2002). However, matrinxa presented an
opposite response, since the adaptations observed to the
swimming speed were reflected in enhanced body weight
and increased lipid stores in the liver, red and ventral
muscle, making up for metabolic, energetic demands. More-
over, the crude energy contents increased in the liver, white
and red muscle of fish under sustained swimming. In con-
clusion, juvenile matrinxa grew better and more homoge-
neously under sustained swimming of 1.0 to 1.5 BL s™. The
species’ hematological parameters and BC were enhanced
in response to the metabolic demand imposed by swim-
ming, and these responses are tissue specific, that is, pro-
tein deposition and the energy storage, particularly lipids,
increased in response to the swimming speeds in the white
muscle, ventral muscle and liver. The farming of matrinx3
in systems which allow fish to experience sustained swim-
ming may result in enhanced productivity.
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