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Abstract Sharpsnout seabream Diplodus puntazzo has been successfully introduced in
Mediterranean aquaculture for reasons of species diversification. However, there is limited
information related to specific rearing conditions that the species may require for pro-
duction optimization in land-based aquaculture. The aim of the present study was to
investigate the combined effects of rearing density and background colour on growth
performance of sharpsnout sea bream D. puntazzo reared in a recirculating water system.
Juveniles (4.0 £ 0.03 g) were reared (duplicated groups) under low (D 16 fish tank ™! or
1 kg m~?) and high (3D 48 fish tank ' or 3 kg m™>) density in white, light blue and black
tanks for 88 days. During the first 53 days of rearing, fish under low density presented
better growth than fish under high density. However, in the following period (days 53—-88)
SGR in 3D-reared fish was significantly higher than in D-reared fish, resulting in no mass
differences on day 88. Regardless of rearing density effects, black tanks had a negative
effect on growth and should be avoided in sharpsnout sea bream rearing. Within the life
stage studied, present growth results, along with those of fish groups homogeneity (coef-
ficient of mass variation, frequency distribution of mass), indicate a change in social
interactions according to body size. It is suggested that juvenile sharpsnout seabream
should be stocked at low density until they reach approximately 16 g. Afterwards, a higher
density seems more appropriate for this species while it also ensures a higher productivity.

Keywords Background colour - Diplodus puntazzo - Growth - Mass distribution -
Rearing density - Recirculating water system

Introduction

Since 1990s, sharpsnout seabream Diplodus puntazzo has been introduced in Mediterra-
nean aquaculture for reasons of species diversification. This marine species is appreciated
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by consumers for its nutritional attributes, as well as by producers for its production
characteristics and high sales price. Moreover, the species adapted well to rearing tech-
niques and formulated feeds used for gilthead seabream Sparus aurata. Today, it is the
third (after gilthead seabream and European seabass Dicentrarchus labrax) most important
marine species produced in Mediterranean countries, mainly Italy, Greece and Spain
(Basurco et al. 2011). Continuing research has helped to improve many of the key pro-
duction aspects, e.g. artificial reproduction and larval rearing (Lahnsteiner and Patarnello
2004; Papandroulakis et al. 2004), intensive rearing in cages, nutritional requirements
(Hernandez et al. 2001; Atienza et al. 2004; Tramati et al. 2005) and pathology (Katharios
et al. 2011; Alama-Bermejo et al. 2013).

Sharpsnout seabream is currently reared in cages and reaches commercial size of
approximately 400 g within 15-18 months (Basurco et al. 2011). It has, however, been
suggested that the species may perform better in land-based tanks since it also feeds on the
tank bottom, thus taking advantage of food that might be lost through cage nets (Sara et al.
1999; Orban et al. 2000; Favaloro et al. 2002; Karakatsouli et al. 2006). Nevertheless, there
is limited information related to specific rearing conditions that the species may require for
production optimization in land-based aquaculture (Abellan and Basurco 1999).

A basic issue that must be first confronted when stocking a specific species of a certain
life stage for aquaculture reasons is how many fish should be put together in a specific
space and, in the case of tanks, what colour should the tanks have. Deciding the appropriate
density requires that good water quality is maintained and that species-specific needs for
space and presence of conspecifics are adequately met. However, this decision should not
ignore that density is a dynamic rearing factor since it continuously changes as fish grow
(Ellis et al. 2001, 2002). On the other hand, tank colour should be chosen so that it does not
distress the fish while it facilitates everyday practices such as feeding, detection of dead
fish and cleaning (Karakatsouli et al. 2007; Luchiari and Pirhonen 2008). Both factors are
crucial for effective fish rearing in tanks, influencing many aspects of fish performance and
welfare, e.g. growth, physiological status, behaviour (e.g. Hoglund et al. 2002; Karak-
atsouli et al. 2007, 2010; Batzina et al. 2014). The aim of the present study was to
investigate the effects of density and tank colour on growth performance and several
biochemical parameters of juvenile sharpsnout seabream reared in a recirculating water
system.

Materials and methods

Sharpsnout seabream D. puntazzo juveniles were offered by a commercial Greek hatchery
and acclimated to laboratory conditions for approximately 30 days. Three hundred and
eighty-four fish of mean initial body mass (=SEM) 4.04 £ 0.03 g were randomly dis-
tributed in six duplicated treatments according to a 3 x 2 factorial design. Fish were reared
in white (W), light blue (LB) and black (B) rectangular fibreglass tanks (height 31 cm,
length 42 cm, width 48 cm, water volume 62.5 L) at two rearing densities, 16 (D) and 48
(3D) fish per tank (the equivalent of 256 and 768 fish m~ or 1.04 and 3.08 kg m~3,
respectively). All 12 fish groups were homogeneous with initial coefficient of mass vari-
ation (=SEM) 16.3 & 0.2 % (P > 0.05). Fish were maintained to experimental conditions
for 88 days. Fish were fed by hand a commercial pelleted diet for gilthead seabream
(moisture 5.9 %; crude protein 58.8 %; crude lipid 20.0 %; ash 10.5 %; nitrogen-free
extract + crude fibre 4.8 %) four times daily from Monday to Friday (equal meals on 8:30,
10:30, 12:30 and 14:30), thrice on Saturday (equal meals on 8:30, 10:30 and 12:30), while
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no food was given on Sunday. During the first 63 days of the experiment, feeding level was
set at 4 % of body mass, which was thereafter reduced to 3 %. In all treatments, each meal
was consumed within 5 min. All fish groups were individually weighed every 2 weeks, and
food quantity was adjusted according to fish biomass. Mortality was recorded daily, and
dead fish were not replaced. Direct observations on fish behaviour were performed during
daily regular group monitoring, feeding and water measurements.

Experimental tanks were part of an indoor recirculating seawater system, provided with
mechanical and biological filters, UV sterilization, compressed air supply and cooling
water apparatus. Water flow was 1.2 L min~' (complete water turnover 19.5 times day "),
and all tanks were thoroughly cleaned once per week. Water quality (dissolved oxygen,
pH, total ammonia nitrogen, un-ionized ammonia nitrogen and nitrite nitrogen) of each
tank was monitored twice daily (before the first meal and 30 min after the last meal). Water
temperature and salinity were maintained at 23.5 4 0.05 °C and 34.1 + 0.04 g kg™'
throughout the experiment. Tanks were illuminated by room ambient light (12L-12D,
approximately 100 Lx at water surface, fluorescence lamps).

At the end of the experimental period, all fish were killed by a lethal dose of 2-phen-
oxyethanol within their tanks and subjected to individual weighing and total length
measurement. Afterwards, liver was removed from each fish and used for the determination
of water content and total lipids (Folch et al. 1957), as well as for the calculation of
hepatosomatic index [HSI = (liver mass, g) x 100 x (body mass, g)_l]. All fish of each
group were minced (without viscera) and lyophilized for carcass proximate composition
determination, namely crude protein and lipid content according to Kjeldahl and Soxhlet
methods, respectively (AOAC 1984), water (105 °C for 24 h) and ash (550 °C for 12 h)
content.

Specific growth rate [SGR = (InMy,_InM;,) x 100 x !, M;,: mean final body mass (g),
M;,,: mean initial body mass (g), #: days of rearing], mass gain [MG = 100 x (Mg, M;,)/Mi,],
food conversionratio [FCR = (food consumed, g) x (mass gain, g)_l] and coefficient of mass
variation [CV = (100 x SD) x (mean body mass) '] were calculated for the whole fish
group in each tank. To allow for slight differences in initial CV, relative change in CVs was also
estimated [CV change, % = (CVy,_CV;,) x 100 x CV;!, CVy,: final CV, CV,,: initial CV].
Condition factor [CF = 100 x (body mass, g) x (total length, cm) ™3] was calculated for each
fish.

Data were analysed by two-way analysis of variance (ANOVA, general linear model)
with tank as a random factor nested within treatments to account for tank effects. All data
were analysed using tank as the experimental unit. In the case of SGR data, body mass was
used as a covariate. Where P values were significant (P < 0.05), multiple comparisons
were carried out using the Duncan test. Wherever necessary, data were transformed
(logarithm, square root or arcsin) in order to obtain normal distribution and/or homogeneity
of variance. All values presented in the text and tables are untransformed mean + SEM.

Results

Fish body colour was adapted to background colour within 2—-3 days. Fish of white tanks
became very pale, and transverse stripes were hardly distinguishable. The same occurred in
fish of black tanks, although in this case it was due to darkening of body colouration. Fish
reared in light blue tanks retained their normal body colour with distinct transverse stripes.

During feeding, fish in white and light blue tanks responded immediately to the pre-
sence of food particles, usually by approaching water surface and being eager to feed. Fish
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of black tanks were sluggish and preferred to feed after food pellets reached tank bottom.
No differences in feeding behaviour were observed due to rearing density. However, fish in
D were dispersed into their tanks and fish in 3D showed distinct shoaling behaviour no
matter tank colour. Aggressive behaviour (mainly chasing and biting) was also observed,
but a specific pattern according to treatments could not be distinguished.

The higher density used (3D) led to significantly lower dissolved oxygen and pH values,
as well as to higher levels of total ammonia nitrogen (Table 1). No significant differences
were detected for un-ionized ammonia nitrogen and nitrite nitrogen (Table 1). None of the
above parameters were affected by tank colour nor was there any interaction detected
between factors.

During the experimental rearing, both tank colour and fish density significantly affected
D. puntazzo growth, while no interaction was found between the two factors examined
(Table 2). Rearing in black tanks resulted in lower final body mass, total length, SGR, MG
and CF, while fish growth in white and light blue tanks was equally better (Table 2).
Significant differences between white and black tanks were obvious after 25 days and
between light blue and black tanks after 53 days of rearing. Fish body mass was signifi-
cantly higher in D groups after 25 and up to 53 days of rearing (Fig. 1). Thereafter, no
differences were detected between D and 3D fish (Fig. 1; Table 2). SGR was higher in D
fish for the period 0-25 days (Fig. 1). For the next month (25-39 and 39-53 days), SGR
was similar between D and 3D groups, while for the last month (53-67 and 6788 days)
SGR values were inversed and fish reared in 3D grew faster than fish in D conditions
(Fig. 1). During the experiment, similar differences were observed for MG and FCR (data
not presented). When SGR, MG and FCR are calculated for the total experimental period
(0-88 days), no density effects are obvious (Table 2). Besides, final CF was higher in fish
at 3D (Table 2).

A significant interaction effect was detected for CV, which was better manifested when
CV change (%) was evaluated (Table 2). Tank colour affected CV only when fish were
reared at D, white and black tanks resulting in the most and the least homogeneous groups,
respectively. Such an effect was not observed for fish in 3D. Or else, rearing at 3D
increased size heterogeneity in white tanks, ameliorated it in black tanks and did not
differentiate it in light blue tanks (Table 2). The above-mentioned results were also sup-
ported by mass frequency distribution data (Fig. 2). For example, fish in white tanks at D

Table 1 Mean daily water quality parameters during sharpsnout seabream rearing in low and high rearing
density

Low density (D)  High density (3D) SEM Significance

level
Dissolved oxygen (ppm) 6.3b 6.1a 0.01 ok
Dissolved oxygen (% saturation) 90.4b 88.2a 0.17 Ak
pH 7.46b 7.39a 0.005 ok
Total ammonia nitrogen (ppm) 1.220a 1.695b 0.0440 Ak
Un-ionized ammonia nitrogen (ppm) 0.0167 0.0183 0.00047 NS
Nitrite nitrogen (ppm) 0.388 0.387 0.0133 NS

Results represent means == SEM of duplicated tanks. Different letters in the same row denote statistical
differences

NS non-significant
% P < 0.001
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condition presented the greater percentage of higher body mass (weight classes 4 and 5;
Fig. 2) compared with fish groups of other experimental treatments.

Cumulative mortality upon completion of experimental period was not differentiated
between treatments (Table 2) and was rather sporadic during the experiment (0—4 dead fish
per tank). Mortality was firstly observed at the third rearing week and stabilized after the
seventh week. Dead fish were not cannibalized although some injuries were seen on the
body.

Carcass protein content was higher in groups in 3D and those reared in white and light
blue tanks (Table 2). The two experimental factors acted independently, while no other
effects were observed on carcass composition. Regarding liver parameters, HSI was not
affected by density, while fish in light blue tanks had higher HSI (Table 2). Moreover,
rearing at 3D resulted in lower liver water and higher liver total lipid content (Table 2).

Discussion

Present results showed that rearing of sharpsnout seabream juveniles in black tanks
resulted in lower growth performance compared with rearing in white or light blue tanks.
Similar results have been previously reported for juveniles of another Sparidae species,
white seabream Diplodus sargus (Karakatsouli et al. 2007), as well as for other freshwater
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Fig. 2 Size frequency distribution for final mass (relative frequency, %) of D. puntazzo reared in white
(W), light blue (LB) and black (B) tanks under two different densities (D, 3D) for 88 days. K-Sg;,, the
goodness of fit to a normally distributed population (Kolmogorov—Smirnov distance). Data on mean,
median, skewness and kurtosis for each treatment are provided. Weight classes are as follows: /
10.0-17.1 g, 2 17.1-243 g, 3 24.3-31.4 g, 4 31.4-38.6 g, 5 38.6-45.7 g, 6 45.7-52.9 g, 7 52.9-60.0 g

and marine species (Papoutsoglou et al. 2005; Yamanome et al. 2005; Pérez Sirkin et al.
2012). In previous studies, it has been suggested that reduced growth may be mainly
related to lower food intake due to poor contrast of food particles against the dark
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background. The observation that fish in black tanks showed a certain latency to reach the
food may indeed indicate some difficulty in distinguishing food particles. However, once
food reached the bottom, it was entirely consumed by the fish and remaining food was
never observed. Besides, food utilization was similar among treatments. Consequently,
differences in growth are probably not related to food intake or food efficiency.

From another point of view, fish reared in the white background may be those that grew
better due to the possible involvement of melanin-concentrating hormone (MCH).
Although MCH levels were not measured in this study, MCH has been related to the
regulation of the synthesis and release of growth hormone in fish (Pérez Sirkin et al. 2012).
Moreover, it has been widely reported that its concentration in plasma and several brain
areas or MCH gene expression increases when fish are adapted to a white background (e.g.
Green et al. 1991; Amiya et al. 2005; Papoutsoglou 2012).

Present density effects on sharpsnout seabream growth showed that the low initial
density used favoured fish growth for up to 53 days of rearing. By that time, fish had
reached a body mass of 14-16 g. However, thereafter mass differences between D- and
3D-reared fish were reduced mainly because growth at the higher density was accelerated,
as the higher SGR values indicate. These results strongly suggest that fish of 4 g should be
reared at a density of 1.04 kg m > that could be changed to 3.08 kg m ™ after achieving a
body mass of 14-16 g. Similarly, Tremblay-Bourgeois et al. (2010) reported a lower
optimal density (<40 kg m~>) for smaller size (50100 g) spotted wolffish Anarhichas
minor and a higher optimal density (>40 kg m) for larger fish (100150 g). Addition-
ally, aquaculture practice for the widely reared Sparidae gilthead seabream S. aurata also
uses lower densities (5-10 kg m—>) for younger (2.5-150 g) fish and higher densities
(1020 kg m~>) for older (>150 g) fish (EFSA 2008). These data, along with those
obtained in the present study, support the findings of van de Nieuwegiessen et al. (2009)
that the effects of density are not uniform throughout the growth cycle.

Generally, density effects in farmed fish have been related to alterations in water quality
and fish social behaviour (Ellis et al. 2002). In the present study, although water DO and
pH were slightly lower in 3D, levels reached were within the recommended limits for
intensive rearing of sharpsnout seabream or other Sparidae species (Souto and Villanueva
2003; Poli 2009). Moreover, total ammonia levels were higher in 3D, but un-ionized
ammonia and nitrite levels were similar between density treatments. Consequently, present
density effects do not seem to be related to water quality. Instead, differences in fish social
behaviour are more likely to be involved, especially considering present behavioural
observations and results of CV for final mass. Similar to present results, shoaling or
schooling behaviour has been previously reported for several fish species at increasing
densities and may be related to limitation of available swimming space in combination
with reduced energetic costs (Jgorgensen et al. 1993; Hensor et al. 2005; Uglem et al. 2009).
CV has been suggested as an indirect indicator of social environment within a fish group,
with lower values indicating milder social interactions (Jobling 1995; North et al. 2006).
Thus, D density (as compared to 3D) is indicated as an environment of higher social stress
when sharpsnout seabream is reared in black tanks, but rearing in white tanks rendered the
D density an environment of milder social stress. On the other hand, the social environment
established in fish reared in light blue tanks was not affected by the density levels
examined.

Differences observed for carcass and liver chemical composition probably reflect the
metabolic adaptation to rearing conditions imposed. For example, tank colour effects on
carcass protein content are in parallel with colour effects on growth, indicating that rearing in
black tanks involves higher metabolic cost. Similar results have been previously reported for
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rainbow trout Oncorhynchus mykiss (Papoutsoglou et al. 2005). Furthermore, density effects
in liver moisture and total lipids also reflect density effects on growth. The lower liver lipids
in fish reared in D may suggest an increase in energy demand and supports the indicated
negative effect of the D density on growth during the last 35 rearing days.

In conclusion, present results indicate that black tanks are not recommended for the
intensive rearing of sharpsnout seabream since growth performance was clearly compro-
mised. Fish rearing in white and light blue tanks presented similar benefits for growth.
Despite an advantage of white tanks towards more homogeneous fish groups, light blue
tanks favour natural body colouration, which may be a more attractive trait from the
consumer point of view. Besides, present density effects clearly suggest that juvenile
sharpsnout seabream should be stocked at low density until they reach approximately 16 g.
Afterwards, a higher density seems more appropriate for this species while it also ensures a
higher productivity.
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