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Abstract: Occupational enrichment (OE) is directed at introducing variations in the tank water so
that fish can exercise as they do in the wild. Two trials were carried out to test the effects of randomly
fired underwater currents (RFC) on rainbow trout (Oncorhynchus mykiss) maintained in tanks in a
recirculation system, using 1226 trout distributed in two independent trials. In Trial 1, fingerling trout
(n = 6 tanks, n = 40 fish per tank) were classified into two groups based on low (13%) or high (30%)
coefficient of variation in live weight (CV), and exposed to RFC or no currents (controls). In Trial 2,
adult trout (n = 12 tanks, n = 20 fish per tank) were either exposed to RFC or to a constant current
(controls) from two submerged pumps. Both trials lasted four weeks. No significant differences in
growth were observed between treatments in either trial. In Trial 1, RFC fish maintained a similar
CV throughout the trial, while CV decreased in controls. Also, in Trial 1, plasma cortisol levels were
higher and creatine phosphokinase (CPK) levels lower in tanks with a low initial CV. In Trial 2, the
CV was lower in RFC trout, where cortisol levels were also significantly lower and triglycerides
significantly higher. The results suggest that OE using RFC can have positive effects by helping
to reduce stress levels, and provides fish with biologically meaningful environmental enrichment
related to the natural history of the species.

Keywords: trout welfare; environmental enrichment; occupational enrichment; underwater currents;
fish stress

1. Introduction

Rainbow trout (Oncorhynchus mykiss) are native to tributaries of the Pacific Ocean
in Asia and North America, and have been introduced worldwide for sport fishing and
commercial aquaculture [1]. Currently, they are one of the most largely farmed fish species
worldwide (>848,000 t y), the biggest in the European (185,316 t) region and the second
most common species produced in Spain (18,955 t) [2]. Salmonids evolved in natural
systems with considerable environmental complexity and, as such, can exhibit numerous
behavioral options in response to environmental challenges [3]. However, environmental
complexity is almost totally absent in many artificial rearing environments, such as aquacul-
ture tanks, ponds and raceways [4]. Additionally, these intensive systems are characterized
by a high stocking density with high material and energy inputs, and possible negative
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impacts on water quality such as eutrophication and oxygen depletion [5]. However, in
aquaculture, important efforts are devoted to developing efficient large-scale production
while upholding fish welfare [6]. One way of ensuring animal welfare is by using envi-
ronmental enrichment, a set of techniques used to modify the environment to be suitable
and satisfactory for animal behavior by introducing artefacts or improving the breeding
system [7]. Environmental enrichment can be classified into several types, e.g., physical
enrichment, social enrichment, sensory enrichment and occupational enrichment [8].

Occupational enrichment (OE)’s purpose it to reduce physical and physiological
monotony by introducing variation in the tank and providing opportunities for fish to
exercise and perform preferred behaviors [9]. In this sense, OE can be a useful tool, based
on the creation of a dynamic, complex and interactive environment that allows physical
and cognitive challenges similar to those an animal would experience in nature [10,11].
Many recent studies have shown that environmental enrichment can reduce fish aggression
and anxiety-like behaviors, increase behavioral flexibility and improve spatial learning
and memory [8]. Some studies have been performed to enrich the culture environment for
salmon in cages [12] and cod [13,14], but this is not a normal commercial practice. Most of
the enrichment studies in salmonids have focused on how different structures can affect
behavior related to increasing survivability after restocking, i.e., exploratory behavior,
spatial leaning abilities, predation and anti-predatory behaviors [15,16]. Some authors
have reported positive effects of enrichment, such as improved foraging ability in Atlantic
salmon [15,17], reduced response to stress in Atlantic salmon [18] and improved recovery
from stressful procedures in rainbow trout [19].

Few studies have assayed other types of enrichment in fish, such as tactile, auditory or
visual elements, which would help avoid the possible negative consequences of a structural
enrichment, such as the tendency for some territorial fish to defend the new resource [20],
or logistical and health problems associated with adding foreign structures or objects into
cages. Some types of structures may be difficult to use on a commercial level since they
impede movement or get soiled by fouling. To our knowledge, Rodewald et al. [17] is one
of the few studies that used OE in salmonids, by varying water currents randomly over
time. Those authors found that enrichment improved the foraging behavior of Atlantic
salmon parr, but since several types of enrichment were used at once (water current,
current direction, water depth and shade), it is hard to isolate the effect of OE alone.
Nordgreen et al. [12] found that Atlantic salmon parr often swam in front of water inlets
(from a pump), underlining their possible use as enrichment. Both Rodewald et al. [17]
and Nordgreen et al. [12] focused on the behavior of the fish in an enriched environment
but did not consider physiological indicators of fish welfare. Thus, the aim of the present
study was to analyze the effects of randomly fired water currents on physiological stress
parameters and growth of rainbow trout.

2. Materials and Methods

The present study was carried out in accordance with the EU Directive 2010/63/EU
for animal experiments and the Spanish guidelines for the care and use of animals in
research [21].

2.1. General Study Conditions

Our study used 1226 trout distributed in two independent trials. The first trial tested
the RFC program in fingerling trout (n = 677) and the second in adult trout (n = 549). Rain-
bow trout were obtained from Fuente Campillo fish farm located in Cifuentes, Guadalajara,
Spain (40.7904 N, −2.1681 W), and transported live to the experimental aquaculture farm
of the College of Forestry Engineering, Polytechnic University of Madrid in Madrid, Spain
(40.4508 N, −3.7210 W). This experimental fish farm is located on a small slope divided
into terraces, where the different raceways for fish housing are located and which have
a capacity of 5.16 m3 each (Figure 1). The terraced design allows the water flow to go
downwards to be distributed through the different tanks by means of channels. The tanks
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have a continuous flow of fresh water from a subway well. The tanks are outdoors, so
the fish in the two trials were subjected to the natural photoperiod. The average water
quality values for all tanks used were: ammonia 0.0034 ± 0.0022 ppm NH3-N, ammonium
0.36 ± 0.22 ppm NH4

+-N, nitrite 0.27 ± 0.095 ppm NO2-N, alkalinity 130.66 ± 44.95 ppm
CaCO3, carbon dioxide 22.66 ± 16.16 ppm CO2, dissolved oxygen 7.26 ± 1.10 ppm O2,
chloride 26.66 ± 6.10 ppm Cl−, hardness 169.66 ± 22.35 ppm CaCO3 and pH 7.63 ± 0.23.

Figure 1. Different aspects of the adaptation and operation of the tanks for the study: (a) overview of the complete raceway
before the study; (b) adaptation of the tank sections; (c) image of the raceway with separations with tanks; (d) underwater
image of one of the water pumps used for generating under water currents; and (e) image of one tank.

2.2. Trial 1: RFC Enrichment Program in Fingerling Rainbow Trout

In Trial 1, 677 fingerlings from the commercial farm were used. Fish were collected at
the commercial farm and transferred to two fiberglass tanks, each equipped with oxygena-
tion equipment inside the transport vehicle. Both tanks were filled with water from the
fish raceways of origin. During transport, the stagnant water was saturated with oxygen
through an oxygen diffuser connected by rubber tubes to a liquid oxygen canister. Fish
were not sedated during transport and journey time for both trials did not exceed 2 h
(130 km). Upon arrival at the experimental farm, approximately 350 fish were housed in
each of two raceways for one week to allow them to adapt to the new environment. At the
end of the week, they were then fasted for 24 h and weighed individually to separate them
into smaller groups. To do that, we placed approximately 30 trout at a time into a 30-L
container and anesthetized them using eugenol (1 g/L, pH 7.0). After 2 min, each trout
was weighed and their length was measured (fork length). After having separated each
raceway into six tanks each, each trout was placed into tanks according to size ranges from
less than 10 g to more 30 g, in 5 g intervals. Eleven days later, they were re-stocked into
their final tanks (n = 12) in groups of 40 fish each. That was performed in such a way as
to form two groups with a high and low coefficient of variation (CV) in live weight (n = 6
tanks with a high CV and n = 6 with a low CV).

The final tanks were set up by separating the original raceway into six separate
sections with the same water volume (0.86 m3) using stainless steel separators, allowing
the passage of water from one section to another. Two weeks after placement into tanks,
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and one day before turning on water currents, all trout were weighed individually, but
no blood samples were taken since fish were quite small. The next day, two water pumps
were placed in half the tanks (1082 EHEIM marine stream on +5000 with a mobilization
flow capacity of 5000 liters/h/3600 = 1.39 liters/s) at medium height in opposing corners
to move water towards the centre of the tank. The pumps in the RFC tanks were connected
to an Arduino UNO computer and programmed as in Trial 1 (see above). The average
total weight (±SEM) of fish per tank at the beginning of the trial was 696.41 g ± 6.67, for
a stocking density of 0.81 kg/m3. The control tanks had no pumps nor artificial currents.
Fish remained in this way for four weeks, being fed twice a day at 3% body weight with a
commercial feed (Biomar, the same as the source farm, with 42% crude protein, 23% fat,
4.1% ash and 2.0% crude fibre) and kept at a natural photoperiod. This trial was carried out
between 19 April and 18 May 2017 (sunrise/sunset approximately 7 h 30 to 21 h 00 or for
13 h 30 min of daylight). Water temperature was measured every half hour and averaged
18.64 ± 0.03 ◦C. After four weeks (29 days), all fish were weighed and measured and four
fish were blood sampled per tank.

2.3. Trial 2: RFC Enrichment Program in Adult Rainbow Trout

For this trial, we used 549 adult trout, also from the same commercial farm as Trial
1. The transport and logistic conditions of the fish were similar to those of Trial 1. Upon
arrival at the experimental farm, the fish were housed in groups of approximately 250 for
one week to allow them to adapt to the raceway (total volume 5.16 m 3 each). At the end
of the week, fish were then fasted for 24 h and weighed individually to separate them
into smaller groups. To do that, we placed 10–15 trout at a time into a 30-L container
and anesthetized them using eugenol (1 g/L, pH 7.0). After 2 min, trout were weighed
individually and placed into tanks according to size ranges, from 150 g to 450 g, in intervals
of 25 g. One week later, they were re-stocked into their final tanks (n = 12) in groups
of 20 fish each. That was performed in such a way as to keep a constant coefficient of
variation in live weight (CV) in all tanks. The final tanks were set up by separating the
original raceway into six separate sections with the same water volume (0.86 m3) using
stainless steel separators, allowing the passage of water from one section to another. The
average (±SEM) total weight of fish per tank was 5955 g ± 32.1, so the stocking density
was 6.9 kg/m3.

Two weeks after placement into tanks, and one day before turning on water currents,
a sample of four trout were taken from each tank (n = 12), weighed individually and blood
sampled (see description below). The next day two water pumps were placed in all tanks
(1082 EHEIM marine stream on +5000) at medium height in opposing corners to move
water towards the center of the tank. The pumps in the RFC groups were connected to an
Arduino UNO computer which was programmed to run an infinite loop in the sequence:
random target pump (A or B), randomly choose functioning time (10, 20, 30, 40, 50 or
60 min) and, after one hour, restart the sequence. The pumps in the control groups were
kept on constantly. The fish remained in their tanks for six weeks, being fed twice a day
at 1.5% body weight with a commercial feed (Biomar, same as the source farm, with 42%
crude protein, 23% fat, 4.1% ash and 2.0% crude fibre) and kept at a natural photoperiod.
This trial was carried out between 21 April and 18 May 2016 (sunrise/sunset 7 h 30 to
21 h 00 or for 13 h 30 min of daylight). Water temperature was measured every half hour
and averaged 17.02 ± 0.03 ◦C. After four weeks (27 days), fish were weighed individually
and four fish were blood sampled per tank.

2.4. Blood Parameters

Trout were captured with dip nets, from which they were removed and immediately
electrically stunned beside the tanks using a V shaped stunner that provided an electric
current at 0.4 A, 90 V for 3 s. The process of catching the fish and stunning them took less
than 2 min. After that, fish were blood sampled and then killed by severing the spinal
cord. Blood samples (approximately 0.5–1.0 mL) were taken from the caudal vein and
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divided into two Eppendorf tubes, one with sodium fluoride (NaF) for the determination
of glucose and lactate dehydrogenase (LDH) and another with ethylenediaminetetraacetic
acid (EDTA) as an anticoagulant for cortisol, triglycerides, creatine phosphokinase (CPK),
albumin and total proteins. Both tubes were centrifuged at 6000 rpm for 10 min to remove
the plasma, and immediately stored at 4 ◦C until analysis. Cortisol was measured by
enzyme immunoassay using a commercial Cortisol EIA well kit (Radim Ibérica S.A.,
Barcelona, Spain). Plasma concentrations of glucose and triglycerides were determined
using reflectance spectrophotometry (Reflotron® System, Roche Diagnostics, Indianapolis,
IN, USA). The CPK levels were measured using a Roche/Hitachi 717 Chemistry Analyzer
(Roche Diagnostics, S.L., Sant Cugat del Valles, Spain) with Boehringer Mannheim reagents.
To evaluate the plasma concentration of albumin and LDH, we used spectrophotometric
liquid chemistry techniques (Bromocresol green, lactate) with commercial kits (Randox
Diagnostic, London, UK). Total plasma proteins were quantified by refractometry (ATAGo
T2-Ne®, Atago, Tokyo, Japan). After slaughter, each fish was weighed and weight gain was
calculated as (slaughter weight (g)–initial weight (g)).

2.5. Statistical Analysis

The data were analyzed using SAS software ver. 9.0 (Statistical Analysis System
Institute Inc., Cary, NC, USA). A prior analysis of the normality and homogeneity of
variance of all variables was performed using the Shapiro–Wilks test with the UNIVARIATE
procedure and Bartlett’s test with the ANOVA procedure for residues. We used the GLM
procedure of SAS, with current treatment (no currents or RFC for Trial 1; constantly on
or RFC for Trial 2) and live weight CV (in Trial 1 only) as the fixed effects. For slaughter
weight, we included initial weight in the model as covariate. The Bonferroni test was used
for mean comparison (p < 0.05). All averages are reported with the standard error of the
mean (±SEM).

3. Results
3.1. Trial 1: RFC Enrichment Program in Fingerling Rainbow Trout

The average initial weight of trout when they first arrived was 15.7 g ± 0.12 (CV = 30.2%,
range 2–31 g). After sorting, the tanks with a low initial CV had an average of 13.9% CV,
and those with a high initial CV, 30.8% CV. In terms of production indices, there were
no initial significant differences in live weight (initial weight for controls 17.7 ± 1.79;
17.1 ± 1.62 for currents; p = 0.1298) nor in final slaughter weight (see Table 1). For high
CV trout, mortality was significantly higher but the final CV was lower than initial values.
There was a significant interaction between CV type and RFC, since the final CV of high
CV fish was lower in the RFC tanks and the final CV of low CV fish was higher in RFC
tanks. As a result, all fish in RFC tanks had a similar final CV (Figure 2), while the final
CV of fish in the control tanks was still significantly different. The haematological data
at the end of the trial are shown in Table 2. The concentrations of plasma cortisol were
significantly higher and CPK was lower in tanks with low initial CV. There was a tendency
for an interaction between the CV and RFC for triglycerides, total proteins and albumin.
In controls (no current), low CV fish had higher total proteins and albumin than high
fish. For RFC tanks, however, the levels of plasma, total proteins and albumin presented
no significant differences (Figure 2). The remaining haematological parameters were not
significantly different among treatments.

3.2. Trial 2: RFC Enrichment Program in Adult Rainbow Trout

The average initial weight of trout when they first arrived to the experimental in-
stallations was 272.6 g ± 1.81 (CV = 15.6%, range 163–429 g). In terms of production
indices, there were no initial differences in live weight among treatments (initial weight
± SEM for controls 296.37 ± 11.7; and for currents 299.13 ± 11.9; p = 0.4585) nor in final
slaughter weight (Table 3). The initial values of the haematological parameters were not
significantly different among fish at the beginning of the trials for cortisol (14.3 ± 2.53 con-
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trols; 10.9 ± 2.47 currents; p = 0.0610), glucose (125.2 ± 8.45 controls; 120.8 ± 7.68 currents;
p = 0.4392) or triglycerides (255.6 ± 26.05 controls; 251.8 ± 20.29 currents; p = 0.8153), but
were significantly different for lactate (2.18 ± 0.09 controls; 2.48 ± 0.19 currents; p = 0.0032),
CPK (850.8 ± 378.3 controls; 394.2 ± 280.4 currents; p = 0.0586), total proteins (2.89 ± 0.14
controls; 2.73 ± 0.11 currents; p = 0.0701) and albumin (1.24 ± 0.07 controls; 1.16 ± 0.05
currents; p = 0.0466). The differences among treatments regarding haematological data
at the end of the trial are shown in Table 1. Cortisol levels were significantly lower and
triglycerides significantly higher in the blood plasma of fish in tanks with randomly
fired currents.

Table 1. Mean (±SEM) growth data of rainbow trout from Trial 1 at the end of the trial for high CV and low CV groups
and controls and trout in tanks with randomly fired currents (RFC), including the significance of the main effects and their
interaction.

Variables
p Value

High CV
(n = 240)

Low CV
(n = 240)

Control
(n = 240)

RFC
(n = 240) CV RFC CV × RFC

Slaughter weight (g) 30.1 ± 0.45 30.0 ± 0.44 29.5 ± 0.50 30.6 ± 0.50 0.92 0.15 0.32

Fork length (cm) 12.5 ± 0.32 13.1 ± 0.32 12.2 ± 0.36 13.3 ± 0.36 0.20 0.05 0.17

Mortality (%) 3.75 ± 0.83 0.83 ± 0.83 1.67 ± 0.83 2.92 ± 0.83 0.03 0.32 0.32

Initial CV 0.31 ± 0.01 0.14 ± 0.01 0.23 ± 0.01 0.21 ± 0.01 <0.001 0.22 0.55

Final CV 0.25 ± 0.01 0.16 ± 0.01 0.21 ± 0.01 0.21 ± 0.01 0.002 0.93 0.01

Figure 2. Interaction between CV and occupational enrichment (randomly fired currents) for final CV (A) and plasma
concentrations of total proteins (B) and albumin (C) in Trial 1. Data presented as means ± SEM. Different letters indicate
significant differences due to the interaction between current treatment and live weight CV (p < 0.05).
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Table 2. Mean (±SEM) haematological parameters of fingerling rainbow trout from Trial 1 for low and high CV groups, and
control or RFC groups at the end of the trial, including the significance of the main effects and their interaction.

Variables
p Value

High CV
(n = 40)

Low CV
(n = 28)

Control
(n = 34)

RFC
(n = 34) CV RFC CV × RFC

Cortisol (ng/mL) 0.76 ± 0.33 2.69 ± 0.41 1.85 ± 0.38 1.60 ± 0.36 0.001 0.64 0.53

Glucose (mg/dL) 72.5 ± 4.84 59.9 ± 5.38 67.8 ± 4.84 64.6 ± 5.38 0.09 0.66 0.22

Triglycerides (mg/dL) 138 ± 7.43 126 ± 8.26 141 ± 7.43 124 ± 8.26 0.29 0.13 0.05

LDH (U/L) 2250 ± 179 1960 ± 203 2143 ± 183 2067 ± 199 0.29 0.78 0.88

CPK (U/L) 1243 ± 147 684 ± 166 1020 ± 150 907 ± 163 0.015 0.61 0.57

Total proteins (g/dL) 2.57 ± 0.09 2.72 ± 0.10 2.75 ± 0.09 2.54 ± 0.10 0.32 0.16 0.030

Albumin (g/dL) 1.27 ± 0.05 1.32 ± 0.05 1.33 ± 0.05 1.25 ± 0.05 0.48 0.23 0.009

Table 3. Means (±SEM) of production and haematological parameters of rainbow trout from Trial 2 with constant currents
(controls) or randomly fired currents (RFC), including significance. Different letters on the same row indicate significant
differences due to current treatment (p < 0.05).

Variables Controls RFC p Value

Slaughter weight (g) 370 ± 4.14 377 ± 3.45 0.17

Mortality (%) 5.8 ± 2.01 5.0 ± 1.29 0.73

Final CV (%) 11.4 ± 0.79 9.6 ± 0.31 0.05

Cortisol (ng/mL) 21.5 ± 0.88a 16.0 ± 1.40b 0.003

Glucose (mg/dL) 110 ± 1.18 110 ± 2.25 0.95

Lactate (mmol/L) 3.11 ± 0.11 3.51 ± 0.18 0.06

Triglycerides (mg/dL) 286 ± 16.7b 347 ± 24.2a 0.04

CPK (U/L) 1608 ± 227 1122 ± 156 0.09

Total proteins (g/dL) 3.89 ± 0.08 4.06 ± 0.08 0.13

Albumin (g/dL) 1.74 ± 0.05 1.83 ± 0.03 0.15

4. Discussion

The main objective of an environmental enrichment program is to provide elements
with biological significance that are linked with the natural history of the species [22]. In
the wild, pre-smolt salmonids live in rivers rich in hiding places, with varied bottom-
substrate and water currents moving at different intensities, directions and speeds [12].
The randomly fired underwater currents used in the present study were meant to mimic,
to a degree, this natural environment. The results suggest that OE with RFC did not appear
to have important positive (or negative) effects on growth, although RFC trout tended to
have a longer fork length compared to controls (Trial 1). Brockmark et al. [23] found that
structural enrichment increased growth in Atlantic salmon, but their study lasted longer
than ours. Possibly, if we had maintained the RFC for a longer period, we would have also
seen greater differences in weight gain between the two treatments. Rodewald et al. [17]
also found that feeding rates and growth were higher in salmon parr from enriched tanks.
They included varying water currents, but the shifts in current were altered weekly, not
every 10–50 min, as in the current study. As in our study, Roberts et al. [16] did not find
differences in size between control and structurally enriched Atlantic salmon. The effects
of enrichment on fish growth seem to vary depending on species and size [9]. The different
findings in the literature may also be related to different coping styles of the fish in the tank
and the proportion of proactive or reactive fish [24]. Although we did not assess behavior
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or coping styles in the current study, we did test whether the effects of OE varied with CV
in live weight within the tank.

In both trials, RFC had some effects on live weight CV. In Trial 1, the CV of RFC trout
was lower than control fish who were in tanks with a constant current. In Trial 2, the final
CV was significantly higher in the high CV tanks, but it decreased with respect to the initial
value (from 31 to 25%). Mortality was also higher in high CV tanks, implying that the
initial size distribution may have predisposed the group to health problems. In Trial 1,
there was also a significant interaction for final CV, with different trends depending on the
presence or absence of RFC. Overall, the RFC seemed to decrease CV in the high CV tanks
and increase CV in the low CV tanks. Williams et al. [25] found that increased water flow
reduces dominance problems in salmonids, since subordinate fish have more opportunities
to feed. In our case, the increased randomness of currents may have facilitated a reduction
in size disparity for the high CV fish. Pounder et al. [19] also reported that intraspecific
variability in cortisol values is lower in rainbow trout from enriched tanks, which coincides
with our results of lower intraspecific variability in live weight in RFC trout.

Regarding physiological indicators, RFC trout in Trial 2 had lower cortisol levels
than controls (constant current). Similarly, fingerling trout in Trial 1 had lower cortisol,
triglycerides and CPK than controls (no currents). The plasma cortisol levels of control
fish in Trial 2 were below 22 ng/mL, which is within the normal range for trout (e.g.,
below or around 20 ng/mL; [26–28]), but was higher than the levels found in RFC fish.
Pounder et al. [19] found no effects of structural enrichment on cortisol concentration in
rainbow trout, while Näslund et al. [18] found no differences in post-stressed plasma
cortisol levels in Atlantic salmon in enriched tanks with respect to barren ones. In addition,
enrichment did not appear to have any effect on behavioral measures of anxiety (novel
tank diving test) in rainbow trout [14]. However, Pounder et al. [19] reported a quicker
recovery for enriched trout when exposed to stress. Structural enrichment such as shelter
has been reported to reduce basal plasma cortisol concentration in Atlantic salmon [18]
and in South American catfish [29]. Sánchez et al. [30] found that fish welfare (measured in
terms of cortisol levels) was higher in sea bream fed on a regular schedule, compared to
random feeding, which coincides with our findings. Jones et al. [31] found the opposite
when the unpredictable factor was food. In that study, the salmon receiving food on an
unpredictable feeding schedule had a higher incidence of dorsal fin erosion, but individual
attacks were higher in the predictable feeding treatment. Although we did not consider
individual animal behaviors, the similarity in production indices and lack of fin erosion
suggest that the use of unpredictable currents was in no way detrimental.

In Trial 2, the levels of cortisol in the control fish may have affected the triglyceride
levels, which were also lower, implying higher levels of stress and lower free fatty acids in
blood (approximately 286 mg/dL triglycerides in controls, 347 mg/dL in tout with cur-
rents). The control levels are comparable to rainbow trout from the same source farm, but
which in another study had been fasted for five days (350 mg/dL) [32]. Overall, however,
most haematological parameters were similar among treatments, implying that RFC did
not appear to have a great influence on fish physiology. Just taking into consideration the
lower cortisol and higher triglyceride levels would suggest that firing the random current
provided a beneficial psychological challenge [9,33] and that the rainbow trout seem to
have reacted to that stimulus in a positive way.

In Trial 1, RFC also had little effect on blood plasma variables. The cortisol levels
were quite low, but still within the range reported in other studies (1–20 ng/mL) [27].
Despite these low levels, on average, the low CV trout had higher levels than high CV.
Possibly, there was more competition in the low CV fish in order to establish hierarchies,
which raised cortisol levels [34]. However, contrary to what we might expect from stressed
fish, the low CV trout had lower CPK levels, an enzyme related to tissue damage. Thus,
only considering CPK, the high CV fish appear to have been more stressed, which may
have been related to their higher mortality [35]. Total proteins and albumin were higher
in low CV fish without currents compared to high CV fish without currents, but there
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were no significant differences in RFC tanks, again underlining the importance of group
composition. Since albumin is entirely produced by the liver, its increase (and the increase
in total proteins in plasma) could be attributed to protein synthesis required for an increased
energy demand [36].

5. Conclusions

Our results suggest that OE with randomly fired underwater currents may have
beneficial effects on rainbow trout, since they had a lower level of stress-related biochemical
indicators. However, we found no evidence that RFC enrichment had an effect on weight
gain. In any case, the importance of the use of RFC is that it provides fish with biologically
meaningful environmental enrichment related to the natural history of the species. This
type of enrichment may help the fish to better adapt to the captive environment of the
raceways on the farm and, in any case, did not produce harmful effects. Along those lines,
it is important to develop environmental enrichment strategies that are easy to implement
at the commercial level and that do not pose a risk to the animals or the operators.
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