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Introduction: The breeding of ornamental fish is increasingly widespread across

the world. For this reason, assessing the welfare of ornamental fish in aquariums

is becoming ever more important. This study wants to evaluate, through

minimally invasive analyses, behavioral observations, and an analysis of cortisol

concentrations in the water, how the absence or presence of environmental

enrichment (EE) influences the welfare of guppies (Poecilia reticulata).

Methods: In total, 15 tanks, divided by EE level [without, with low (25%), and

with high (75%) levels of EE], were considered. Fish were video-recorded and

behavioral analyses were carried out. In addition, the cortisol concentrations in

each tank’s water were evaluated.

Results: In the tanks with higher EE, behaviors such as wood, flotation, and

plant feeding and courting, which are indicators of a good quality of life, were

significantly more expressed. Bite behavior was also expressed more in high-

level EE tanks, probably as a response to the territoriality of animals. The only

stereotypy behavior, a stress index, was found to be significantly more expressed

in tanks with low levels of EE. Finally, cortisol concentrations were found to be

significantly higher in tanks with low levels of EE.

Discussion: In light of these results, we conclude that fish in tanks with higher

EE levels showed better welfare statuses. Considering the use of EE in tanks

is therefore useful for enabling these fish to express their species-specific

behavioral repertoire and improve their quality of life.
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1 Introduction

In recent years, the breeding and trade of ornamental fish has been an increasing trend,
and this industry is valued at between $15 and $30 billion per year (1, 2). Indeed, 90% of
the traded ornamental fish species are freshwater (∼4,500 species), and 99% of the 2 billion
fish transported annually are intended for hobbyists’ tanks, with the remaining 1% going to
research and public aquariums (1, 3). From this perspective, the ornamental fish industry
has considerable economic importance. In addition, the lack of knowledge of ornamental
fish management techniques increases the risk of overexploiting the wild environment (2),
and the damage from introducing non-native species into an environment is a potential
risk to the native species’ ecology (4). Moreover, the social importance of the ornamental
fish industry should be also considered. The presence of an aquarium in the home, health
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care facilities, and workplaces has been shown to have a positive
impact on psychophysical wellbeing. Studies have revealed that
observing fish in an aquarium can reduce heart rate, increase mood
and attention levels, and decrease anxiety and stress levels (5).
In addition, aquariums have been found to have positive effects
on older adults, particularly those with dementia, resulting in an
increased interest in independent feeding and a decreased need for
nutritional supplements (6, 7).

If the link between humans’ welfare and aquaria ecosystems
is well established (8), ornamental fish’s welfare should also be
taken into account, as sentient animals experience different states
of welfare (1, 64). The ornamental fish breeding production
chain and trade involve several stages, each with a variety of
animal welfare concerns. Problems arise when welfare standards
are changed at various stages of trade and are not maintained
between the places of departure and arrival. Unfortunately, there
are no species-specific monitoring protocols for ornamental fish
welfare as there are for fish raised for food (9). In fact, there
are 11 European Council (EC) Directives on aquaculture of food
fish regarding the management of all productive chains [EC No
98/58, No 1099/2009, No 1007/2009, No 1/2005, No 1255/97,
No 708/2007, No 1005/2008, No 1224/2009, No 1342/2008, No
1006/2008, No 1223/2009; (10)] but no species-specific directives
for ornamental fish. Accordingly, for food-raised fish, the European
Food Safety Authority (11) published 17 documents, between
scientific opinions and reports, and ornamental fish are named
in only two documents as genetically modified animals and in a
podcast on animal perfect nutrition. Stress prevention is thus the
only and easiest way to breed ornamental fish.

Monitoring animal welfare for ornamental fish becomes vital,
considering also that maltreatment and, consequently, stress lead
to a lowering of the animal’s immune system and, therefore,
more susceptible fish (12). Prevention is thus the cheapest and
easiest way to raise healthy fish while minimizing or eliminating
stress whenever possible (12). Thanks to glass tanks, monitoring
ornamental fish’s welfare is easier using visual and non-invasive
parameters, such as behavior, color, and wounds. For this reason,
behavior evaluation is one of the most promising tools for
assessing fish’s physical and psychological welfare. Evaluating
behavior, indeed, is less invasive and can be completed by
different professional figures (64). In addition to behavior, among
physiological parameters, cortisol levels are one of the most used
molecular markers to assess welfare. Stressful stimuli animates
adaptive endocrine responses with the release of cortisol. This
glucocorticoid hormone is produced by adrenocortical cells (13)
and is usually measured to assess the response to stress and evaluate
welfare. Generally, glucocorticoids can be extracted from different
biological matrices, of which samplingmay bemore or less invasive:
plasma, saliva, hair, feathers, milk, eggs, urine, and feces (14). In
fish, it can also be estimated from the gills (15, 16) and the tank’s
water. Water is a very useful and easy matrix because obtaining a
sample is completely non-invasive for the animals (13).

Like other animals (17), for ornamental fish, environmental
enrichment (EE), together with parameters such as water quality,
photoperiod, or tank size, is essential for maintaining a good
welfare state (3). There are different types of EE, but the setting and
choice of enrichment must be made considering the bred species
(63). EE could be nutritional, occupational, physical, sensorial, and

social. Knowing each species is important for properly balancing
the different types of enrichment (18). When assessing welfare, it
also should be considered that the genotypic profile of fish, selected
for domestication, affects the stress response (3). In guppy species,
for example, the density of animals in the tank impacts the fish’s
mental welfare (65).

The guppy, Poecilia reticulata, is one of the most widespread
and popular species of ornamental fish in aquariums, private and
public. Moreover, the welfare indicators and parameters considered
for this species are suitable and studied for other species, such as
zebrafish (65, 66). Originally from South America, guppies are now
distributed almost everywhere. It is mainly bred in Southeast Asia
and Central America and, from there, exported to the applicant
countries (65).

From these assumptions, it is evident that, with so many fish
farmed and sold, studying their biology, ecology, and behavior to
ensure their welfare and increased survival is essential (18). Thus,
the main objective of this study was to assess, through non-invasive
tools such as behavioral analyses and cortisol concentration in
water, the impact of including natural physical EE at three different
levels in tanks on the welfare of guppies. The aim is therefore to
increase knowledge and provide clear guidelines for effective tank
management to improve guppies’ quality of life.

2 Materials and methods

The study was conducted at the Aquaculture Laboratory
(@acquaponica_lab) of the Department of Veterinary Sciences
(University of Turin, Italy). The study was approved by the
University Bioethics Committee (protocol number 0654239). All
methods were carried out following the relevant guidelines
and regulations.

2.1 Fish acclimation

In all, 400 guppies were purchased from the ornamental fish
company Tuscia Fish Trading (Viterbo, Italy). Upon arrival, the
guppies underwent a 7-day quarantine period in a 100-L aquarium
to facilitate acclimatization and observe for the possible presence
of pathologies.

2.2 Experimental protocol and housing

Using ImageJ software (19), 360 adult guppies were selected
for homogeneous size and divided into 18 tanks (60 L/tank); 15
tanks were experimental, and three hosted the fish reserves (one
for each treatment). Each tank contained 20 fish maintaining a sex
ratio of 1:1 and respecting the guppy density of one fish every 3 L of
water (20).

The balanced monofactorial experimental design (5 × 3)
included five replication tanks for three treatments, with different
percentages of EE compared to the total volume of each tank.
The EEs were selected according to da Silva et al. (21). A neutral
white substrate was used (Amtra Ivory white quartz 1–3mm) in
addition to wood on the bottom. Ornamental plants (Myriophyllum
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aquaticum and Pistia stratiotes) were selected to re-create as
similarly as possible the guppies’ original South American aquatic
environment (22). The 15 experimental tanks were equipped
according to three levels of EE:

• Absence (A), empty tank (Figure 1a).
• Low level (L); on the bottom of the tank, 30mm of substrate

(Amtra Ivory white quartz 1–3mm) and one oak wood (25–
30 cm; Figure 1b) were added.

• High level (H); the same substrate and wood on the bottom
were used as the low-level tanks, plus two different ornamental
plants, selected to re-create a natural environment as similar
as possible to the South America one (22): Myriophyllum

aquaticum (N = 4) and Pistia stratiotes (N = 6; Figure 1c).

Each tank was equipped with a 100-W heater to keep the
temperature at 24◦C, respecting the optimal water temperature
range between 22 and 26◦C for guppy (20). Every tank had an
individual filter containing a 600 L/h submersible water pump,
with Perlon

R©
wool as the mechanical filter and lava rock as the

biological filter. Lights (Oase classic daylight) were used to have the
same illumination level in each tank andwere set to 12 h of light and
12 h of dark (20, 23, 24). All guppies were fed ad libitum for 5 days
a week twice a day (around 9:00 a.m. and 5:00 p.m.) using a species-
specific commercial food (Tetra guppy Mini Flakes R©; proximal
composition: raw protein 44%, raw fats 8.0%, raw cellulose 2.0%,
moisture content 6.0%, vit. D3 3170IU/Kg, manganese (II) sulfate
monohydrate 32 mg/kg, zinc sulfate monohydrate 19 mg/kg, and
iron (II) sulfate monohydrate 13 mg/kg). A partial water change
(10% of the total) in the tanks was done once a week, with monthly
filter cleaning.

Following Kithsiri et al. (25), the experiment lasted 55 days,
from March 15 to May 9, 2023, for a total of 8 weeks. All
maintenance practices and sampling were carried out between
9:00 a.m. and 1:00 p.m.

2.3 Water physical and chemical analysis

Upon fish arrival, the following water characteristics were
evaluated: saturation (SAT., %), dissolved oxygen (DO, mg/L),
pH, ammonium (NH4), nitrites (NO2), nitrates (NO3), and
temperature (TEMP., ◦C).

During the trial, the physical and chemical parameters of
the water were monitored weekly with a Spectroquant NOVA
60 spectrophotometer and an XS Instruments Oxy 7 Vio field
oximeter. From each aquarium, 50mL of water was taken; placed
in a numbered Eppendorf conical tube to minimize disturbing the
fish when taking the water sample, which was done only once; and
divided among 15-mL Eppendorf conical tubes for various tests in
the morning. To determine the pH, a Hach pH meter and a 3-mL
sample were used. Ammonium, nitrites, and nitrates were analyzed
with the required tests for reading with the Spectroquant physical
and chemical parameters.

2.4 Fish behavioral observation and data
collection

The recorded behaviors were sampled using the focal animal
scan sampling method (26) to analyze behaviors between three
groups. Behavioral data recording was preceded by preliminary
observations of all the fish present in the aquariums aimed at
identifying and selecting the behaviors to be included in the
ethogram employed in this study, starting from the ethogram of
Martins et al. (27).

Once a week, between 9:00 a.m. and 1:00 p.m. (the period
of greatest motility of the guppies), the behaviors of the fish in
the A, L, and H groups were recorded, and each section of the

FIGURE 2

Tank division. (A) upper section. (B) Lower section. (C) Central

section. CR, central-right section; CL, central-left section.

FIGURE 1

Di�erent levels of enrichment in the experimental tanks. (A) Absence of environmental enrichment. (B) Low level of environmental enrichment

(Amtra Ivory white quartz as substrate and one oak wood). (C) High level of environmental enrichment (Amtra Ivory white quartz as substrate, one

oak wood, and two di�erent ornamental plants, Myriophyllum aquaticum and Pistia stratiotes).
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tank was sampled for 5min (Figure 2) using a video camera (Sony
Handycam FDR-AX43) positioned on a stand at 1m from the tank.

Each tank was recorded for 5min once a week (for a total of
600min). The first and last minutes of the videos were discarded,
as the behavioral findings could be altered by the presence of the
operator positioning, starting, and then turning off the camera
after 5min. The remaining 3min of the videos were observed
and analyzed for each section of each tank, for a total of 1,800
min analyzed.

The behaviors were divided into macro categories: motor,
feeding, stereotypies, social, and aggressive (Table 1). Motor
behaviors are related to moving in the surrounding environment.
For feeding behaviors, wellbeing indicators include the time
dedicated to feeding on different surfaces. Stereotypies are repeated
behaviors according to a fixed pattern exhibited by the animal,
apparently without a stimulus evoking them, that highlight a state
of stress and can be aimed at reducing this state (28): hiding,
standing still, remaining stopped with increasing ventilatory
activity, and swimming from right to left or from above to
below continuously. Social behaviors, which are typically assessed
to evaluate welfare, include courtship and group movement in
guppies. In contrast, aggressive behaviors, such as biting and
mouth-to-mouth biting, could indicate stress within the social
group (27, 29).

The interactions between fish (social or aggressive social
behaviors), according to a species-specific ethogram (30), and the
characterization of fish interaction with EE were recorded in an
Excel spreadsheet (Microsoft Office 365, Excel version 2406). The
final table used for fish behavior analyses was structured in this way:
group, date, duration of observed behaviors (minutes of video starts
and ends), sex, state or event behavior, and the tank number.

2.5 Cortisol analyses

When the fish arrived, a water sample was taken from each
bag to evaluate the cortisol concentration. After the acclimatization
period (first week), another water sample was taken for chemical-
physical analyses and cortisol detection. During the sampling
period, a water sample was collected once every 2 weeks (T0–T4)
from each of the 15 tanks in 10-mL Falcon tubes, appropriately
labeled, and stored at−20◦C until analyzed.

Extracting the cortisol from the water was carried out following
the protocol proposed by Ellis et al. (31). Initially, 5mL of water
was filtered using 0.20-µm filters to eliminate any impurities; then,
the extraction phase was carried out by passing the filtered water
drop by drop into an extraction cartridge (Oasis HLB, Water Ltd).
To complete the extraction, the cartridge was eluted with 5mL
of ethyl acetate, flowed into the cartridge dropwise, and collected
in a 10-mL glass tube. The ethyl acetate was evaporated under
a stream of nitrogen at 45◦C until complete evaporation. The
tubes were finally closed with Parafilm

R©
and stored at −20◦C for

subsequent analyses.
For quantifying the free cortisol concentrations, samples were

reconstituted in 500 µL of Phosphate-Buffered Saline (PBS) and
analyzed using a commercial immunoenzyme Enzyme-Linked
Immunoorbent Assay (ELISA) kit (DRG Cortisol ELISA Kit, DRG

TABLE 1 Ethogram of fish.

Category Behavior Description

Motor Sudden
movement

The observed individual moves quickly
in all directions of the habitat.

Solitary
swimming

Only one individual is quietly
swimming in all directions.

Surface activity Research of food particles on the water
surface, detected in the upper part of the
aquarium.

Feeding Bottom feeding The fish is searching for food in the
lower area of the aquarium. The fish
directs the snout down and begins to
move the gravel, when present.

Wood feeding In the lower and the central part of the
aquarium, the fish is searching for food
particles on the wood. The abdomen
and caudal fin face upward.

Flotation feeding In the upper area, the fish has its
abdomen and caudal fin pointing
downward and its front area facing the
roots of floating plants.

Plants feeding In the lower and central area of the
aquarium, the fish looks for food
particles on the roots, stem and leaves of
the plants.

Walls feeding On the four walls of the aquarium, the
fish looks for food particles and/or
microalgae attached to the glass.

Foraging The fish moves its mouth like it is eating.

Stereotypes Hiding The fish uses as shelter/hiding place the
plants and woods present in the lower
quadrant in the tanks.

Fixed The fish moves the pectoral fins, without
moving in the habitat.

Side-to-side
swimming

The fish moves from bottom to top or
from right to left repeatedly.

Social Courting A male chases a female.

Group swimming The fish move in the habitat in groups of
more than two individuals.

Aggressive Dominance A fish runs after a submissive,
sometimes preceded by a bite.

Submission A fish escapes from a dominant, at times
preceded by a bite.

Bite A dominant bites a submissive; the areas
of the body most affected are the
abdomen and the pectoral or caudal fins.

Mouth fight A bite is carried out mouth to mouth.

Table is divided into category of behavior, a list of behaviors for each category, and a

description of each behavior.

Diagnostic International, Inc.), following the assay protocol. The
DRG Cortisol ELISA kit used for the analyses is designed to
determine the quantity of cortisol and has a sensitivity from 0
to 800 ng/mL. It also shows negligible cross-reactivity with other
steroids of similar structure: corticosterone (45%), progesterone
(9%), and deoxycortisol (2%).
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TABLE 2 Main water parameters of experimental tanks.

% SAT TEMP DO NO2 NO3 NH4 pH

A 85.33± 7.22 25.00± 0.80 6.87± 0.65 0.05± 0.02 12.34± 5.18 0.14± 0.08 8.22± 0.27

L 83.19± 10.14 25.03± 0.65 6.80± 0.62 0.03± 0.01 8.79± 3.52 0.10± 0.05 8.25± 0.29

H 80.97± 7.53 24.92± 0.64 6.49± 0.62 0.04± 0.01 7.40± 3.30 0.12± 0.06 8.21± 0.28

Dissolved oxygen (DO), nitrites (NO2), nitrates (NO3), and ammonium (NH4) are expressed in mg/L; temperature (TEMP) is in ◦C; and saturation (SAT) is a percentage. A, environmental

enrichment absent; L, low-level environmental enrichment; H, high-level environmental enrichment.

FIGURE 3

Data normality assessment using kernel density estimation (KDE) plots. Yellow, magenta, and light blue represent time, time budget, and frequency in

each, respectively.

2.6 Statistical analysis

In the first part of statistical elaboration, descriptive statistics
were used and graphed, including histograms and box plots. In the
second part, inferential statistics were used to test the differences
between experimental treatments. The normality distribution of
data was initially investigated using the kernel density function
(KDE). This plot type estimates the probability density function
using a smoothing parameter to create a continuous, smooth
curve. KDE is useful for visualizing the distribution shape of
the data without relying on bin-based histograms. By overlaying
a normal distribution curve, one can compare the actual data

distribution against the expected normal shape. Considering that
the data on fish behaviors were not distributed according to normal
distribution, non-parametric statistic techniques were utilized
for these elaborations, in particular non-parametric analysis of
variance (ANOVA; Kruskal–Wallis test). The absolute frequency
and time spent exhibiting the different behaviors during the day
were also measured, thus creating the time budget for the guppies
in the tanks with the different experimental treatments (32, 33).
Cortisol data were elaborated using ANOVA and Tukey’s honestly
significant difference (HSD) post-hoc test. For the statistical analysis
of the cortisol data, a regression method was used, including
the calculation of Pearson correlation coefficients. The statistical
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analysis was performed using R (version 4.3.1, “Beagle Scouts”).
Program libraries for performing the Kruskal–Wallis test were
taken from rgl package (34), the ggplots 2 package (35) was used
to perform the multiple correlation analysis, and the programming
codes in R were used for the descriptive statistics graphs and
box plots.

3 Results

3.1 Water analysis

During the experimental period, mean values (±SD) of the
analyzed parameters of waters were 8.23 (±0.27) pH, 0.12 (±0.07)
mg/L NH4, 0.04 (±0.01) mg/L NO2, 9.51 (±4.46) mg/L NO3, 6.72
(±0.63) mg/L DO, 24.98 (±0.68) ◦C TEMP, and 83.16 (±8.27) %
SAT. The mean values of DO (% SAT and mg/L DO), pH, NH4,
NO2, NO3, and temperature (◦C) of experimental tanks during the
trial are reported in Table 2.

The analyzed parameters show adequate levels of welfare for
fishmaintained in a controlled environment, as reported by current
aquariology legislation.

3.2 Behavioral evaluation

During the whole experiment, no mortality was observed in
the guppies. Behavioral results are presented as time, time budget,
and frequency. The analysis of the data’s normal distribution was
initially made to verify the assumptions for correctly applying
ANOVA using kernel density plots (Figure 3). By overlapping
a normal distribution curve, one can compare the actual data
distribution against the expected normal shape. This analysis
clearly showed that our data did not fit with normal distribution.
In the next phase of statistical analysis, differences between
experimental treatments across all observed behaviors were
examined and results were shown through box plots, one for
each behavior. To simplify interpreting the results, only those
behaviors that resulted statistically different are shown in Table 3,
and only box plots representing significantly different behaviors are
displayed in Figures 4–8.

For motor behaviors, the difference between the H tanks and
the others was found to be significant for solitary swimming time
and surface activity time and frequency (Figure 4). In the aquaria
with high EE, fish spent more time solitary swimming and were
rarely observed near the water’s surface.

For social behaviors, the time and frequency of courting were
found to be significantly higher in tanks with higher levels of EE.
However, regarding time budget and frequency, group swimming
was lower in H tanks (Figure 5).

Regarding aggressive behaviors, they were not affected by EE;
only bite was partially influenced. In fact, this behavior was more
frequent in the tanks with higher levels of EE (Figure 6).

In the A group, where fish did not have EE, behaviors implying
interactions with plants or wood were not detectable, but in the
L and H groups, fish with higher EE (H tanks) showed greater
percentages of feeding behaviors: wood feeding, flotation feeding,
and, of course, plant feeding. This finding indicates that a greater

TABLE 3 Statistical analysis of behaviors for the three levels of

environmental enrichment.

Category Behavior Time Time
budget

Frequency

Motor Sudden movement n.s n.s. n.s.

Solitary swimming ∗∗ n.s. ∗∗

Surface activity ∗∗ n.s. ∗∗

Feeding Bottom feeding n.s. n.s. n.s.

Wood feeding ∗∗ n.s. ∗∗

Flotation feeding ∗∗ n.s. ∗∗

Plants feeding n.s. n.s. ∗

Walls feeding n.s. n.s. n.s.

Foraging n.s. n.s. n.s.

Stereotypies Hiding ∗ n.s. n.s.

Fixed n.s. n.s. n.s.

Side to side
swimming

n.s. n.s. n.s.

Social Courting ∗∗ n.s. ∗∗

Group swimming n.s. ∗∗ ∗∗

Aggressive Dominance n.s. n.s. n.s.

Submission n.s. n.s. n.s.

Bite n.s. ∗ ∗

Mouth fight n.s. n.s. n.s.

Time, time budget, and frequency have been separately analyzed. n.s., not statistically

significant, according to Kruskal–Wallis test. ∗p < 0.05. ∗∗p < 0.01.

variety of EE (plant species, wood, and floating objects) stimulates
natural behaviors in fish, such as feeding, in the H aquaria
(Figure 7).

For stereotypies, only hiding behavior resulted in a significant
difference between the three experimental conditions; considering
the time in particular, in the aquaria with low EE, fish spent more
time hiding (Figure 8).

3.3 Cortisol evaluation

The data elaboration for the cortisol analysis was carried
out following three steps: differences of cortisol during the
experiment, differences of cortisol in each sampling period, and,
finally, correlation between cortisol levels in the four considered
sampling periods.

The analysis of the individual bags and tanks during the
experiment showed a statistically significant difference (p > 0.01)
for cortisol levels in the transport water bags (37.77 ± 8.0 ng/mL,
n = 15) compared to the tanks’ water (25.99 ± 5.8 ng/mL, n
= 75) at all times, regardless of the sampling period (Figure 9).
The successive statistical analysis of the cortisol data during the
experiment, considering differences from the first day (T0) through
the end of the experiment (T4), showed no difference in cortisol
levels in the time trend.
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FIGURE 4

E�ect of enrichment level (A, absence; H, high; L, low) on motor behaviors (solitary swimming and surface activity).

FIGURE 5

E�ect of enrichment level (A, absence; H, high; L, low) on social behaviors (courting and group swimming).

The analysis of the cortisol levels in tanks in relation to
enrichment condition in each sampling period shows that the
cortisol concentration in the aquaria absent EE (A tanks) was
systematically higher (ANOVA, p < 0.01) than in the aquaria with
EE (H and L tanks), regardless of the enrichment level at T1, T3,
and T4 (Figure 10). Moreover, at T0 and T2, the cortisol levels are
different between all three treatments, but treatment A still had the
highest concentration of cortisol, although it was not significant.
Finally, the Tukey post-hoc test showed that the cortisol levels in the
aquaria with EE were often comparable. This finding clearly shows
EE’s beneficial effect in managing guppy.

The results within the sampling periods provide interesting
information from this study, and multiple correlation, together
with scatterplots, is an optimal descriptive method for this (36).

Therefore, to better investigate the cortisol dynamics throughout
the experiment, a multiple correlation analysis was performed,
considering the four sampling periods (Figure 11). Observing the
scatterplots, it is evident that cortisol levels in the tanks without
treatments (A tanks) are consistently higher than in the others (blue
dots in Figure 11, which are always between 30 and 35 ng/mL),
along all the experiment duration, while in the aquaria with EE,
the cortisol levels are systematically lower (Figure 11: L tanks,
red dots, and H tanks, yellow dots, that are both between 20
and 25 ng/mL). The variability in the experiment progressively
increases during the experiment, as visible by the scatterplots
and by the decreasing regression coefficients. Specifically, this
variability is caused by the cortisol levels in the aquaria equipped
with EE. This condition, measured only in aquaria with EE,
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FIGURE 6

E�ect of enrichment level (A, absence; H, high; L, low) on bite behavior of guppy.

FIGURE 7

E�ect of enrichment level (A, absence; H, high; L, low) on feeding (woods, flotation and plants) behaviors of guppy.

shows that the fish’s physiological reaction to EE is affected by
other environmental factors. The frequency histograms in the five
sampling periods basically show a constant positive skewness that
confirms the existence of outlier values, which correspond to the
aquaria without EE. The frequency histogram in the last period (T4)
with a bimodal pattern confirms the separation between aquaria
without EE from other aquaria. The progressive reduction in
Pearson correlation coefficients of cortisol values analyzed between
different periods (Figure 11) indicates the previously described
change in the physiological reaction of fish along with the duration
of the experiment.

4 Discussion

The present study aimed to investigate the role and importance
of the environment on the welfare and quality of life of ornamental
fish. The study showed that EE plays a crucial role in this context.
Behavioral assessment, combined with the analysis of cortisol
concentrations in water, can be an accurate tool for assessing the
welfare of ornamental fish.

Stress is defined as an organism’s adaptive response to a stressor,
such as an environmental condition (37). The effects of the stressful
event (stressor) can lead to an adaptive response and, therefore, to
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FIGURE 8

E�ect of enrichment level (A, absence; H, high; L, low) on hiding behavior of guppy.

FIGURE 9

Cortisol levels during transport bags and experimental period (superscript asterisks correspond to analysis of variance test; p < 0.01).

a positive stress response (eustress), but if the stressor persists or
the animal fails to adapt, the response becomes negative (distress).
Behavior reflects the adaptive response to stressors, and therefore,
its assessment may be crucial for detecting poor animal welfare
early. In farmed fish, considering both the individual and the
group is important because group indicators can mask stress
and individual animal discomfort (27, 38). In our assessment,
we included both individual and group behaviors. Our findings
demonstrate that tank enrichment does not impact all behaviors.

Most of them differed significantly in highly enriched tanks across
all the categories considered.

Studies on fish welfare have found that stressful events lead
to an increase in aggressive behaviors, which subsequently alter
the fish group’s social dynamics. In zebrafish (Danio rerio),
Powell et al. (39) highlighted more aggressive behaviors and
less cohesion and coordination within the school during and
after cleaning procedures. The density of animals in tanks can
also affect aggressive behaviors. Sen Sarma et al. (40) found
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FIGURE 10

E�ect of enrichment level (A, absence; H, high; L, low) on cortisol levels in tank’s water of guppy within any sampling period (T0, T1, T2, T3, T4).

Superscript letters on box plots correspond to the Tukey post-hoc test.

that zebrafish kept at a density of 1 fish/L are more aggressive
compared to those kept at densities of 3 or 6 fish/L. In this study,
aggression decreased after 5 weeks in all tanks, once the hierarchy
was stabilized.

Moreover, EE could be a stressor that leads to behavioral
changes. The EE type and level affect fish’s welfare (41). Graham
et al. (42) showed that introducing enrichments modifies the
social dynamics of zebrafish. Indeed, providing animals the
opportunity to explore new environments and new enrichments
reduces aggression and increases shoaling and coordination within
the group. The same study showed that several days after
introducing novelties into the environment, social dynamics return
to their original state. In our study, we found a significant
increase in solitary swimming and a significant decrease in
group swimming in tanks with high EE levels. This modification
of behaviors may be due to the physical spatial size of
enrichments inside the tank, which can be an obstacle to group
swimming. The literature reports that introducing EE reduces
the overall activity of fish, with varying effects on aggressive
behaviors (43).

Other behaviors that delineate welfare are those related to
feeding. In our study, wood feeding, floatation feeding, and plant
feeding were significantly more expressed in high-level EE tanks.

Using aquatic vegetation as EE can provide food resources and
safety for fish during foraging activities (44), increasing these
activity types, allowing fish to express their natural behaviors, and
enhancing their welfare status (21). Finally, an increase in these
behaviors can lead to a decrease in surface activity, as we found in
our study.

Aggressive bite behavior was expressed more in H tanks. This
result coincides with the literature, and it can be attributed to
different dynamics. In fact, some studies have demonstrated that
introducing EE affects the aggressiveness of fish. In black rockfish
(Sebastes melanops), an increase in EE leads to a decrease in
aggressive behavior. For fat greenling, aggression increases at both
low and intermediate levels of enrichment, while at high levels of
enrichment, aggression decreases (41).

These data indicate that the complexity of enrichment
influences the aggressive response of fish. If the density of
enrichment in the tank is high, the objects and structures divide the
space (45), reduce the frequency of encounters (46), obstruct vision
(47), and provide places to hide (43). This “shelter effect,” therefore,
reduces aggressiveness in fish (41). However, if the enrichment
is limited in relation to animal density and space, territorial fish
compete for resources, increasing aggressive behaviors accordingly
(43, 48).
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FIGURE 11

Cortisol analysis, multiple correlation, and frequency distribution in the sampling periods. In the upper part of the figure, linear regression was

calculated and regression coe�cients; red dots indicate cortisol levels in the low-level environmental enrichment (L) tanks, blue dots for the tanks

absent (A) EE, and yellow dots for the high-level environmental enhancement (H) tanks. On the diagonal, the frequency histogram of cortisol levels is

shown in each period. In the lower part of the figure, Pearson correlation coe�cients are shown, with the size of the character proportional to the

Pearson value (Pearson test significant in all plots).

In addition, the physiological phase of fish also affects their
interaction with the environment, such as during courtship when
the male butterfly splitfins (Ameca splendens) increase their
aggressiveness in the presence of EE (49). In line with this research,
in our study, fish exhibited significantly higher levels of courting
behaviors in highly enriched tanks, and bite behavior was associated
with males fighting for females. Accordingly, at T4, some fries were
present only in the H group. The increase in mating behavior and
fry survival is a good indicator of animal welfare (50).

These findings suggest that fish in tanks with high levels
of EE have better welfare standards. The significant increase in
hiding, a stereotypied behavior, in tanks without EE confirms this
hypothesis. Indeed, stereotypies are maladaptive behaviors that are
expressed in high-stress environments (51).

Regarding water cortisol concentrations, the analyses revealed
that the transport bags had greater hormone levels than any of
the examined tanks. In fish, as in other animals, an increase in
corticosteroid concentration is the primary physiological response
to stress conditions (52). In studies on stress, plasma cortisol is
the most common and widely utilized marker (53). It has been
observed that plasma cortisol increases in fish being transported
(54–58). Moreover, cortisol levels not only increase during the
initial phase of transport but also remain high throughout the
transport period (59, 60). The cortisol from the plasma is released
into the water, allowing for a less invasive measurement of this
parameter under stress conditions (13). In light of this research and
our findings, we can conclude that transport is a stressful event.

Among all the tanks, the cortisol levels were significantly
higher in those without enrichment throughout the study period,

decreasing in tanks with low enrichment and, to a greater extent,
in those with high enrichment levels. This result is consistent with
the findings of Zhang et al. (48) and confirms that using EE can
improve fish’s welfare, as presented in the literature (61, 62).

To conclude, multiple indicators of stress, such as behavioral,
physiological (cortisol concentrations in water), and overall fitness
(reproductive activity success), can be used as an accurate tool for
assessing the welfare of ornamental fish; accordingly, our findings
demonstrate that tank enrichment levels affected fish behavior and
water cortisol levels.

This study showed how using adequate (level and quality, such
as natural origin) EE can improve the wellbeing of guppies. In
the future, analyzing the use of EE in relation to reproductive
performance, which is an index of welfare, may be interesting for
improving the local production of this fish and contributing to the
natural exploitation of ornamental fish for home aquariums.
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