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Tactile stimulation reduces
aggressiveness but does not lower
stress in a territorial fish
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. client coral-reef fish, by relieving stress and improving health. Conversely, some tactile contacts are

naturally detrimental, such as those resulted from aggressive interactions. To study whether positive
responses from tactile stimulation are generalized among vertebrates, we tested its effect on stress
response and aggressive behavior in a territorial fish species, Nile tilapia. We developed an apparatus
made of a row of sticks bordered by silicone bristles that was positioned in the middle of the aquarium,
and through which fish had to pass to access food, thus receiving tactile stimulation. Isolated fish
experienced tactile stimulation for 7 days, and were assigned to 2 types of stressors: non-social
(confinement) or social (aggressive interaction). Each of them had a corresponding control treatment
without tactile stimulation. Although fish spontaneously crossed the apparatus, we did not observe a
decrease in plasma cortisol levels immediately after stressor application as a response to the use of the
apparatus, either for social or non-social treatment. However, tactile stimulation reduced aggressive
interaction in the social treatment, showing a positive effect on a territorial fish species, and pointing to
a way to improve welfare.

Tactile stimulation (like scratches and touches) is the mechanical contact between two or more individuals of
the same or different animal species that are perceived either as a positive or a negative interaction. The positive
effect of tactile stimulation on mammals, including humans, is known when physical contact is performed as
massage therapy. In this interaction, the tactile stimulation relieves stress' and increases serotonin levels', thus
having positive effects on health. Piglets?, lambs® and dairy cows* experience lower heart rates, and cattle® show
lower cortisol levels when scratched and stroked by humans. Such positive effects can also be artificially achieved.
In a cleaner-client fish interaction, for instance, Soares et al.® observed that the tactile stimulation performed by
a coral-reef cleaner fish reduces the stress level in the client fish Ctenochaetus striatus. The authors developed an
apparatus composed of a cleaner fish model that mechanically rubbed the client fish, thus confirming that positive
effects can be achieved even by inanimate objects.

Most positive responses to tactile stimulation are associated with animals’ natural behavioral repertoire.
Physical contact between individuals, such as allo-grooming in primates” and cleaner-client interactions among
coral-reef fish®, are part of the natural behavior of these animals. Both types of interaction are adaptive, respec-
tively, to keep social groups together by bonding individuals’, and to keep the cooperation in the cleaner-client
fish mutualism. Conversely, several types of tactile contact are naturally detrimental, such as agonistic physical
interactions, which may cause injuries, pain and social stress® to individuals. Therefore, the tactile stimulation
could be a negative stimulus for species whose natural behavior is characterized by territorial defense and social
hierarchy, such as cichlid fish.

Many cichlid species are commonly found in fish farming activities, being frequently subjected to stressful
situations, such as net catching!’, overpopulation'!, confinement'?, and grading®®. Furthermore, there are other
conditions which may lead to aggressive interactions among them increasing the stress levels and detrimental
effects on their health', including increased probability of mortality'®.

During stressful situations, the higher activity of the hypothalamic-pituitary-adrenal axis (interrenal cells
in fishes) leads to an increased circulating glucocorticoid levels (as cortisol)!®. Although stress is considered an
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Figure 1. Photo of the apparatus developed for tactile stimulation, showing the PVC structure and silicone
bristles (A) through which fish passed to reach food, receiving tactile stimulation as a consequence (from above
in B). Feeder is shown in detail (C), with dry shrimp trapped in the small plastic net.

adaptive response to environmental challenges', if the stressor is intense or lingering, animals may undergo
a chronic stress state (distress), characterized by high cortisol level and marked by depression of the immune
system'®, decrease in growth rates'?, and impairment of reproduction'. Distress also causes neuron death?® with
consequent reductions in the cognitive ability. All those effects are undesirable, both for fish culture and for fish
welfare. As most handling methods for husbandry fish in rearing environments are still unavoidable, finding
ways to relieve any kind of distress is important to promote animal welfare. Anecdotal information about fish pets
indicates that, even for cichlids, tactile stimulation could be positive, since fish seem to choose being touched or
petted by human owners (see ref.?!). Empiric data, however, is unavailable. In fact, some degree of positive tactile
stimulation probably occurs during cichlids courtship behavior, when male and female touch each other’s body
several times by a less intense biting, quivering and lateral undulations®?. In this moment, tactile stimulation
cannot be negative, otherwise male and female would avoid each other and mating would be impaired, being
disadvantageous to Darwinian fitness. In this study, we tested whether tactile stimulation has a positive effect
on the cichlid fish Nile tilapia, Oreochromis niloticus (L.), a territorial species highly farmed in the world, and a
widespread model to study mechanisms underlying fish behavior. We tested the effect of tactile stimulation on
Nile tilapia that underwent confinement (non-social stressor), often applied in fish farming'?, and aggressive
interactions (social stressor), which is part of the cichid’s natural behavior, but can be exacerbated under some
rearing conditions®’. We developed an apparatus consisting in a row of sticks with silicone bristles by their sides
(Fig. 1A) placed in the middle of the aquarium (Fig. 1B). Fish had to pass through it to access food, which was
provided by a feeder (Fig. 1C), thus receiving tactile stimulation. We predicted that, if tactile stimulation alleviates
stress, fish would search for more stimulus after being exposed to stressors. In addition, tactile stimulation would
relieve stress by reducing cortisol levels.

There are only two other studies conerning the positive effects of tactile stimulation on fish®*, to the best of
our knowledge, a very modest number when compared to the knowledge about mammals. Thus, studies about
the functions and effects involved with tactile stimulation in fish can help us understand the evolution of this
mechanism in vertebrates.

Results

The apparatus worked. We assumed that the apparatus would fit our goal whether fish passed through it
spontaneously. We compared the number of crossings through the apparatus (20 min/day) both in the presence
and absence of food, considering spontaneity the act of crossing the apparatus in the absence of food. Fish went
through the apparatus under both conditions, although less frequently in the absence than in the presence of food
(interaction between presence/absence of food and days: F(4 335 = 6.24, p = 0.00003; Fig. 2A). In the treatment
without tactile stimulation, fish crossed the center of the aquarium less frequently in the absence of food (pres-
ence vs absence of food: F; 55 =41.58, p < 0.0001; among days: F 4 335 = 3.85, p=0.001; no statistic interaction:
F336)=1.37, p=10.22; Fig. 2B). We looked for a soft material to avoid body lesions and injuries due to physical
contact with the stimulation, therefore we chose silicone bristles. Nevertheless, in the end of experiments, each
animal was carefully examined to check for possible body lesions or any kind of injury caused by the tactile stim-
ulation. We did not observe any scale loss or body injuries from fish contact with the silicone bristles.

Fish went through the apparatus after stress. To test whether fish would use the apparatus as a way to
alleviate stress, we compared the number of crossings through it right after the first stressing session with the mean
number of crossings from the 7 previous days. ANOVA main results showed no significant interaction (between
and within treatments: F; 55 = 1.29, p = 0.26; Fig. 3A). However, a marginally significant difference was found
between treatments (F; ,5y=4.11, p=0.052), and a significant one within treatments (F(, ,5y=7.73, p=0.01).
Planned comparisons showed that the number of crossings was different before stressor between treatments
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Figure 2. Number of crossings through the center of the aquarium during period with/without food in

the treatment with tactile stimulation in both studies, then 15 replica for Non-social stress experiment and

14 replica for Social stress experiment were observed together (A, N =29) and in treatment without tactile
stimulation (B, N=29). Asterisk indicates a significant difference from apparatus introduction, that is, 4th day
(p <0.003) after Mixed model ANOVA, followed by Tuckey-HSD post hoc test. Data are mean = SE.

(F(1,28y=6.36, p=0.017), and it was similar after stressor (F, ,5y=0.63, p=0.43). Fish crossed the center of the
aquarium more frequently after the stressor in the treatment without tactile stimulation (F ; ,5) = 7.68, p=0.009),
and with similar frequency in the treatment with tactile stimulation (F; 55 = 1.34, p=0.25).

After aggressive interactions, there was no significant difference in ANOVA interaction between and within
treatments (F; ,6) = 0.04, p=0.84; Fig. 3B) and neither between treatments (F; ,5) = 0.22, p = 0.64); but we found
difference within treatments (F; 55, =66.41, p < 0.0001). Planned comparisons showed similar number of cross-
ings between treatments before (F; 55, = 0.06, p=0.79) and after stressor (F(, 55y=0.26, p=0.61). Fish went 4
times more often through the apparatus or crossed the center of the aquarium than before stressor in treatment
with tactile stimulation (F; 55 =34.91, p <0.0001) and treatment without tactile stimulation (F, 55y = 31.53,
p<0.0001).

Aggressive interaction was lower in treatment with tactile stimulation. Aggressive interaction
was affected by tactile stimulation. Animals in the treatment with tactile stimulation showed more displays
(t=—2.22, p=0.03; Fig. 4A) and less attacks (t=4.45, p=0.0001; Fig. 4B) than animals without tactile stimu-
lation. There was no correlation between displays or attacks with crossings through the apparatus (r = —0.002,
p=0.99 and r =0.16 and p=0.6, respectively).

Cortisol was not lower in treatment with tactile stimulation. Plasma cortisol level was not
reduced by tactile stimulation in the confinement experiment. It was similar between treatments with and with-
out tactile stimulation, as well as within sampling days (ANOVA interaction between and within treatments:
F(1,18=0.39, p=0.53; within treatments: F; ;5 =2.73, p=0.11; between treatments: F, ;3y=0.39, p=0.53;
Fig. 5A). Planned comparisons showed that cortisol level was similar before (F(, ;5y=0.19, p=0.66) and after
stressor (F(; 15 =0.23, p=0.63) between treatments. Cortisol levels were also similar before and after stressor
in treatments with (F; ;5y=2.61, p=0.12) and without (F, ;4= 0.52, p = 0.47) tactile stimulation. Furthermore,
a significant difference was found for cortisol levels after aggressive contests (interaction between and within
treatment: F; ;5)=>5.77, p=0.03; Fig. 5B), although there were no differences between treatments (F; ;5= 0.05,
p =0.82). Planned comparisons showed that cortisol level was similar before (F(; ;s) = 2.49, p=0.13) and after
stressor (F; ;)= 2.05, p=0.17) between treatments. Cortisol level was lower before stressor than after stressor in
treatment with tactile stimulation (F; ;s) = 14.62, p=0.001) and was similar in treatment without tactile stimu-
lation (F(; ;)= 0.18, p=0.67).

There were no significant correlations either between the number of crossings after confinement and corti-
sol levels (r=—0.35, p=0.32), or between the mean of crossings on the 7 days before stress and cortisol levels
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Figure 3. Number of crossings before and after (A) non-social (N =15) and (B) social stressors (N = 14)
in both treatments. P values on upper line compare between treatments, and asterisk indicates significant
differences within treatments after planned comparisons. Data are shown as mean + SE.

(r=-0.3015; p=0.4). We did not find a correlation between crossings and cortisol levels after aggressive interac-
tions as well (r=0.17, p=0.65; r=0.13, p=0.72, crossings before and after stressor, respectively).

We did not find a significant correlation between the number of displays and cortisol levels after social stress,
either for the treatment with tactile stimulation (r=0.31, p=0.41) or for the treatment without tactile stimula-
tion (r=0.07, p=0.84). However, there was a positive correlation between the number of attacks and cortisol
after stress following tactile stimulation (r = 0.69, p = 0.04), whereas a non-significant correlation was observed
in the treatment without tactile stimulation (r =0.04, p=0.91).

Discussion

In this study we successfully created a protocol for providing fish with tactile stimulation. Such stimulation did
not change cortisol levels on Nile tilapia immediately after stressor application, but it was effective in decreasing
aggressiveness, thus probably bringing about positive effects on fish’s welfare.

We considered the apparatus efficient in providing fish with body tactile stimulation because they spontane-
ously went through it after training. In both treatments, (with and without tactile stimulation) food stimulated
fish locomotion, but the frequency of crossings before and after feeding indicates that fish use the stimulator
apparatus irrespective of food presence. In the treatment without tactile stimulation, fish were able to cross the
center of the aquarium since the first day of observation, whereas in treatment with tactile stimulation they hardly
crossed through the apparatus on the first day; the number of crossings increased gradually up to the third day
of experiment. This shows that some learning processes was required to deal with the new structure inside the
aquarium since the apparatus was initially avoided but, after that, the stimulator did not affect the fish’s freedom
in swimming and exploring their environment. In addition, tactile stimulation seemed to be soft enough to avoid
body injuries or scale loss, which would be a gateway for pathogens. Therefore, our protocol is suitable to test
several hypotheses regarding tactile stimulation in fish.

After a stressful experience, animals tend to escape from the detrimental stimulus. It is supposed that ani-
mals can also search for ways to alleviate stress (e.g., coping with stress by performing stereotyped behaviors®)
and show strong motivation to access preferred items in the environment, while avoiding non-preferred ones?.
Therefore, we expected there would be an increase in the number of crossing through the apparatus after fish
were subjected to stressors, thus indicating that body tactile stimulation could alleviate stress in fish. Even though
it was not observed after confinement, it was evident after social stress and, at first, it could be interpreted as a
motivational behavior for receiving tactile stimulation. However, there was also an increase in crossing the center
of the aquarium in the treatment without tactile stimulation, at the same intensity; thus, crossing through the
apparatus was a consequence of fish’s increased locomotion after fighting. This behavior did not seem to be a
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Figure 4. Number of displays (A) and attacks (B) in treatment with tactile stimulation (N =14) and treatment
without tactile stimulation (N =14). P values on upper line show differences between treatments after unpaired
t-test. Data are shown as mean 4 SE.

stereotyped activity because the high rate of locomotion was not rhythmically repetitive”. Nevertheless, it seemed
to be a type of displacement behavior observed in fish after aggressive interactions?. Since in our study there
were no elements in the environment to redirect aggression?”, motivation to fight could be turned into swimming
activity.

Greater amount of physical activity increases the levels of endorphin?® and of other opioid substances?, which
are neurotransmitters associated with reducing anxiety and stress*’, and could be effective in decreasing aggres-
sive behavior. This mechanism, however, does not explain our data (reduced aggressive interaction), since fish’s
locomotion was similar in both the treatments with and without tactile stimulation. However, it is known that
body tactile stimulation increases serotonin levels in humans and other mammals', and serotonin does present an
inhibitory effect on the aggressive behavior in fish®** and other vertebrates. Then, we infer that tactile stimulation
may reduce aggressiveness by increasing serotonin levels, although this mechanism should yet be tested.

An animal’s response to a determined stimulus is based on a capacity evolutionary selected for such response.
Thereby, the natural response to some positive effect from tactile stimulation probably was selected in social fish
species, particularly for courtship behavior??. In this moment, aggressiveness shoud be reduced to allow mating.

Despite the association found between tactile stimulation and aggressive interaction, stress was not reduced,
which suggested some possible non-exclusive explanations: 1. tactile stimulation does not reduce stress in this
territorial fish species because positive body tactile stimulation is not associated to its natural repertoire. For
instance, stress is reduced in Ctenochaetus striatus®, a fish species that naturally receives frequent tactile stimula-
tion from the cleaner fish Labroides dimidiatus®. 2. The effect exists, but longer stimulation would be required. 3.
Cortisol levels were already very high, due to social isolation. In fact, the animals presented high levels of cortisol
in contrast to basal levels reported to GIFT Nile tilapia?’, which could be explained by social isolation****. Fish
could be already stressed therefore it precluded the observation of significant increment on plasma cortisol after
non-social stress. Although a higher cortisol level was shown after social stress, there was no difference from the
treatment without tactile stimulation, thus suggesting there was an effect of social isolation on the fish response
which was not counteracted by tactile stimulation. 4. Blood sampling occurred during cortisol peak (see ref.*). As
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Figure 5. Plasma cortisol level before and after (A) non-social (N =10) and (B) social stressor (N =9). P values
on upper line compare between treatments, and asterisk indicates significant differences within treatments after
planned comparisons. Data are shown as mean + SE.

we designed a study to be compared to that by Soares et al.%, we sampled blood right after the stressor application.
Thus, we had no data regarding the possible effect of tactile stimulation on cortisol levels after peak elapsed time.
In this sense, it is important to evaluate the effect of tactile stimulation during the stress-recovering stage from
social interaction (see ref.3¢).

Although cortisol level is the main stress indicator, it can also be involved in other functions, for instance, in
inflammatory/immune responses to mechanical damages on tissues, and other functions that requires a meta-
bolic changing'. Moreover, cortisol is not always the best physiological marker for stress in highly social spe-
cies*”. Then, a higher set of physiological indicators, as well gene expression in specific brain areas could be
necessary to evaluate the stress in a broader sense®®. Thus, we have to take in account that the cortisol solely
brought a limitation for understanding the entire scenario related to Nile tilapia’s stress response to tactile stim-
ulation. An associated pattern with a positive correlation between the number of attacks and cortisol levels was
found after tactile stimulation, which was non-significant in the treatment without tactile stimulation (dissociated
pattern). Some differences in the social environment can cause differences between associated/dissociated hor-
mones and behavior patterns in cichlids®. Therefore, tactile stimulation possibly affects the HPI axis, associating
it with social stress.

Studies carried out with domestic mammals are usually combined with human presence, and stimulation is
provided by touch®, petting or stroking?*%°. Such interactions show both positive and negative effects on the
animals. Certain studies focus on the affection and bonds that are created between humans and animals*~*, so
they do not eliminate the social context of human contact, which may influence the animal’s perception. In this
study, tactile stimulation was isolated from the human presence, therefore highlighting the potential of tactile
stimulation alone for reducing aggressiveness in Nile tilapia, which may lead to improved welfare.

Methods

Fish housing. Adult male Nile tilapia specimens from the Aquaculture Center of UNESP (CAUNESP) in
Jaboticabal, SP, Brazil, were kept in outdoor ponds at the Laboratory of Animal Behavior, UNESP, Sao José do
Rio Preto. They were selected for the study and taken to the laboratory where they were acclimated for 20 days
in polyethylene water tanks (ca. 500L, 1 fish/10L) at 27 °C and light regime from 7:00 a.m. to 7:00 p.m. Fish were
fed with food for tropical fish (28% CP, apparent satiety) twice a day (9:00 a.m. and 3:00 p.m.). Water quality was
maintained using biological filters (400 L/h) and constant aeration.

Experimental Design. Nile tilapia males were individually assigned to one aquarium equipped with an
apparatus developed to provide them with body tactile stimulation (Fig. 1A). Fish were tested for one out of two
stressors: confinement (non-social stressor) and aggressive interaction (social stressor). For each treatment, we
had a control one without tactile stimulation.
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Table 1. Protocol timeline. The sequence of events during the 11-day experimental protocol started with fish
isolation to adjustment to aquaria (3 days). The following 7 days were assigned to allow contact of fish with

the apparatus for tactile stimulation. In the end of the period (11 day), fish were addressed to either a social
(aggressive interaction in pairs) or non-social (confinement) stress test. Tests were run independently for social
(N'=15) and non-social (N = 14) stress, each one having a control treatment without tactile stimulation. VR
means video-recording.

Tactile stimulation. We developed an apparatus made of a rectangular polyvinyl chloride (PVC) pipe struc-
ture, filled with vertical sticks bordered by silicone bristles (Fig. 1A). We chose silicone bristles because of their
softness, so they would not remove mucus from the fish’s skin or injure their bodies. The apparatus was inserted
in the center of the aquarium so that fish had to pass through the bristled sticks to access food (Fig. 1B), which
in turn was placed on the opposite side of the aquarium by a handle feeder. The feeder was a plastic stick with a
plastic net attached in its end, wherein food was trapped (Fig. 1C).

Protocol. Isolated fish individuals were adjusted in the aquaria for 3 days before introducing the apparatus.
During those days, fish were fed with dry shrimp at 9:00 a.m. and 3:00 p.m., by using the feeder. The same was
done in the treatment without tactile stimulation. Animals that did not eat during this period were withdrawn
from the study.

After the adjustments, the apparatus was introduced in the center of the aquarium and remained there for 7
days. Fish were video-recorded daily to quantify the number of crossings through the apparatus; 5 min before,
10 min during and 5 min after the introduction of the feeder. Records started at 8:00 a.m. and at 2:00 p.m. On the
11'h day, fish were subjected to stressors twice, the first record being made to quantify the number of crossings
after stress, and the second one to quantify cortisol right after stress, so that it was possible to compare data with
those by Soares et al.’. Blood samples were obtained on the 3™ day for evaluating the baseline plasma cortisol
levels and on the 11" day for checking the effect of tactile stimulation on stress response. The same procedure
was repeated in the treatments without tactile stimulation. This protocol was the baseline for testing both social
(aggressive interaction) and non-social (confinement) stress, which were run independently. The protocol time-
line is summarized in Table 1.

Non-social stress experiment. In the morning of the 11* day, fish were subjected to the confinement
stress test, which consisted of reducing in 90% the aquarium space using an opaque plate, thus confining the
animal to one end of the aquarium for 30 min (e.g., ref.**). This stressor has already been tested for Nile tilapia*+*.
After the confinement, the plate was removed, and fish were video-recorded (20 min) to quantify the number
of crossings through the apparatus. As the crossings could be affected by fish locomotion in the aquarium, we
recorded the number of times fish crossed through the center of the aquarium in the treatment without tac-
tile stimulation. The stressor was applied again after 6 hours (in the afternoon), followed by blood sampling for
plasma cortisol assay. In the treatment without tactile stimulation, the animals underwent the same procedure
described, yet without the presence of the apparatus in the aquaria. Fifteen isolated males were tested in each
treatment both with and without tactile stimulation.

Social stress experiment. In the morning of the 11" day, fish were subjected to the aggressive inter-
action test. Two isolated individuals were removed from their aquaria and were paired in a new aquarium
(40 x 30 x 40 cm ca. 48 L) to avoid prior residence effect*®. Two fish of the same treatment and with similar size
were paired as they underwent the same procedures (absence or presence of tactile stimulation). Aggressive
interaction was video-recorded for 30 min, then, each fish was returned to its original aquarium and was
video-recorded (20 min) to quantity the number of crossings through the apparatus. As in the non-social exper-
iment, we also recorded the number of times fish crossed through the center of the aquarium in the treatment
without tactile stimulation. Fish were paired again in the afternoon for aggressive interaction video-recording
(30min), and a blood sampling for plasma cortisol assay was performed. Different individuals (from the first
encounter) were paired to avoid the effect of the previous experience?. In the treatment without tactile stimu-
lation the animals underwent the same procedure, yet without the insertion of the apparatus. Fourteen isolated
males were tested in each treatment, both with and without tactile stimulation.

Behavioral data. In the social stress experiment, fish were individually identified by a red visible implanted
elastomer (VIE tags), inserted under 2 or 3 scales on each side of the body. Aggressive interactions were quanti-
fied according to refs*8->°. Aggressive behavior was labeled as attacks or displays. Attacks are the interactions with
physical contact and associated with high energy expenditure (chase, nipping, lateral fight, undulation and mouth
fight); on the other hand, displays are aggressive interactions without physical contact and associated with less
energy expenditure® (lateral threat, perpendicular threat and circling).
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Cortisol assay. In fish stress is marked by an activation of two main axes. The first is the
hypothalamus-sympathetic-chromaffin cells axis, which release the neurohormones norepinephrine and epi-
nephrine, whose trigger a fast response to increased energy demand®. The second is the hypothalamic-pitui-
tary-interrenal tissue (HPI) axis®?. In HPI axis the corticotrophin releasing hormone (CRH) released from the
hypothalamus stimulates the anterior pituitary gland to release adrenocorticotrophic hormone (ACTH) that, in
its turn, stimulate the interrenal tissue to increase the glucocorticoid hormones releasing, being cortisol the main
corticosteroid in teleost fishes®>. This increment in cortisol levels in response to a stressor is a primary indicator of
stress levels in fishes's, although some caution should be considered when using only one marker.

After being anesthetized by immersion in Benzocaine (0.09 g.L™!), a fish blood sample was collected from
the caudal vein by hypodermic needles and heparinized syringes. The blood sampling of each fish lasted less
than 2 minutes to avoid interference of manipulation in the results'®. Blood was centrifuged at 3,000 rpm for
10 min and the plasma was frozen at —20°C for further cortisol assays. Cortisol was evaluated through ELISA -
Enzyme Linked Immunosorbent Assay, using commercial kits (IBL - Immuno Biological Laboratories, Hamburg,
Germany). The intra-assay CV =3.32%, 6.51% and 4.62% in each plate, and the inter-assay CV = 6.81%.

Experimental details. Before isolation, animals were anesthetized by immersion in Benzocaine (0.03 g.
L"), weighed, measured and tagged with an elastomer. Fish mean (£S.E.) standard length and weight were
respectively: Non-social experiment — Treatment with tactile stimulation: 11.44cm 4 0.92cm; 47.26g+11.15g
(N =15); Treatment without tactile stimulation: 11.74cm % 0.90 cm; 51.33 g £10.62 g (N =15). Social stress
experiment: — Treatment with tactile stimulation: 11.42cm 4-0.52 cm; 51.83 g4 8.76 g (N = 14); Treatment with-
out tactile stimulation: 10.97 cm £ 0.41 cm; 48.20 g £ 6.55 g (N = 14). We did not find significant differences in
the biometric data between treatments (Non-social experiment: independent t-test, t = —0.70, p = 0.49, standard
length; t=—0.73, p=0.47, weight. Social stress experiment: t = 1.85, p=0.07, standard length; t =1.21, p=0.23,
weight). At the end of the experiment all fish were killed (Benzocaine 0.18 g.L ') and opened for gonadal inspec-
tion. Adult male Nile tilapia present developed testicles filled with semen, thus showing an opaque white color™.
We confirmed macroscopically that all individuals were adult males.

Animals were observed in glass aquaria (120 x 60 x 40 cm, containing 140 L of water, since this quantity was
enough for a single fish) coated with blue plastic to avoid visual contact with animals in neighboring aquaria.
Video-recording was made with cameras placed above the aquaria, which sent the records to a computer in an
adjacent room. The photoperiod was set to 12L:12D (from 7:00 a.m. to 7:00 p.m.) and temperature to 27 °C.
Water quality was monitored by commercial kits and electronic devices and given by mean + SE: Ammonia
(0.025 4 0.019 ppm); Nitrite (0.125 - 0.072 ppm); pH (7.36 £ 0.11).

Statistical analysis. Data were tested for outliers by Grubbs test and those found were replaced by the
mean**. The data were, then, checked for normality by Kolmogorov-Smirnov test and homoscedasticity by
Fmax®. When necessary, data were transformed by log (x+ 1) to fit parametric assumptions. In both social and
non-social experiments, a mixed-model ANOVA was used to compare between (with tactile stimulations vs
without tactile stimulation) and repeated data for the following variables: number of crossings/min through the
center of the aquarium in periods with and without food); number of crossings/min before and after stress test
in both treatments; plasma cortisol concentrations on the 3" and 11" days. Tukey-HSD post hoc test was applied
when necessary. Planned comparisons were used to contrast between and within treatments. T-test was used to
compare the number of attacks and displays between treatments. Correlations between the number of crossings
and the cortisol levels were checked by Pearson’s correlation test. Statistical significance was set at p <0.05.

Ethical note. This study followed the Animal Behavior Society guidelines for animal usage in research (2012)
and was in accordance with the Ethical Principles on Animal Experimentation adopted by the National Council
for the Control of Animal Experimentation (CONCEA/Brazil). It was approved by the Committee on Ethics in
Animal Use, IBILCE, UNESP, Sdo José do Rio Preto, permit #129/2016.

References
1. Field, T., Hernandez-Reif, M., Diego, M., Schanberg, S. & Kuhn, C. Cortisol decreases and serotonin and dopamine increase
following massage therapy. Int. J. Neurosci. 115, 1397-1413 (2005).
2. Tallet, C. et al. Behavioural and physiological reactions of piglets to gentle tactile interactions vary according to their previous
experience with humans. Livest. Sci. 167, 331-341 (2014).
3. Coulon, M. et al. Do lambs perceive regular human stroking as pleasant? Behavior and heart rate variability analyses. PLoS One 10
(2015).
4. Schmied, C., Boivin, X., Scala, S. & Waiblinger, S. Effect of previous stroking on reactions to a veterinary procedure: behaviour and
heart rate of dairy cows. Interact. Stud. 11, 467-481 (2010).
5. Probst, J. K., Spengler-Neff, A., Leiber, E, Kreuzer, M. & Hillmann, E. Gentle touching in early life reduces avoidance distance and
slaughter stress in beef cattle. Appl. Anim. Behav. Sci. 139, 42-49 (2012).
6. Soares, M. C,, Oliveira, R. E, Ros, A. E H., Grutter, A. S. & Bshary, R. Tactile stimulation lowers stress in fish. Nat. Commun. 2,
534-535 (2011).
7. Dunbar, R. I. M. The social role of touch in humans and primates: behavioural function and neurobiological mechanisms. Neurosci.
Biobehav. Rev. 34, 260-268 (2010).
8. Grutter, A. S. Relationship between changing rates and ectoparasite loads in coral reef fishes. Mar. Ecol. Prog. Ser. 118, 51-58 (1995).
9. Damsgard, B. & Huntingford, F. In Aquaculture and Behavior (eds Huntingford, ., Jobling, M. & Kadri, S.) 248-285 (Willey-
Blackwell, 2012).
10. Kebus, M. J. et al. Effects of rearing density on the stress response and growth of rainbow trout. J. Aquat. Anim. Health 4, 1-6 (1992).
11. Ruane, N. M., Carballo, E. C. & Komen, J. Increased stocking density influences the acute physiological stress response of common
carp Cyprinus carpio (L.). Aquac. Res. 33, 777-784 (2002).
12. Pottinger, T. G., Prunet, P. & Pickering, A. D. The effects of confinement stress on circulating prolactin levels in rainbow trout
(Oncorhynchus myKkiss) in fresh water. Gen. Comp. Endocrinol. 88, 454-460 (1992).

SCIENTIFIC REPORTS | (2019) 9:40 | DOI:10.1038/s41598-018-36876-1 8



www.nature.com/scientificreports/

22.
23.

24.
25.
26.

27.
28.

29.
30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.
46.

47

49.

50.

51.

52.
53.

54.
55.

. Flos, R., Reig, L., Torres, P. & Tort, L. Primary and secondary stress responses to grading and hauling in rainbow trout, Salmo

gairdneri. Aquaculture 71, 99-106 (1988).

. Huntingford, E A. et al. Current issues in fish welfare. J. Fish Biol. 68, 332-372 (2006).
. Johnsson, J. I, Winberg, S. & Sloman, K. A. In Behaviour and Physiology of Fish (eds Sloman, K. A., Wilson, R. W. & Balshine, S.)

151-196 (Elsevier, 2006).

. Mommsen, T. P, Vijayan, M. M. & Moon, T. W. Cortisol in teleosts:dynamics, mechanisms of action, and metabolic regulation. Rev.

Fish Biol. Fish. 9,211-268 (1999).

. Wendelaar Bonga, S. E. The stress response in fish. Physiol. Rev. 77, 591-625 (1997).
. Pottinger, T. G. In Fish Welfare (ed. Branson, E. ].) 32-48 (Blackwell Publishing Ltd, 2008).
. Fernandes, M. O. & Volpato, G. L. Heterogeneous growth in the Nile tilapia: social stress and carbohydrate metabolism. Physiol.

Behav. 54, 319-323 (1993).

. McEwen, B. S. & Sapolsky, R. M. Stress and cognitive function. Curr. Opin. Neurobiol. 5,205-216 (1995).
. Quora - Do fish like being petted? Available at: https://www.quora.com/Do-fish-like-being-petted (Accessed: 19th October 2018)

(2017).

Barlow, G. W. The cichlid fishes: nature’s grand experiment in evolution. (Basic Books, 2000).

Boscolo, C. N. P, Morais, R. N. & Gongalves-de-Freitas, E. Same-sized fish groups increase aggressive interaction of sex-reversed
males Nile tilapia GIFT strain. Appl. Anim. Behav. Sci. 135, 154-159 (2011).

Schirmer, A., Jesuthasan, S. & Mathuru, A. S. Tactile stimulation reduces fear in fish. Front. Behav. Neurosci. 7, 167 (2013).

Mason, G. J. Stereotypies: a critical review. Anim. Behav. 41, 1015-1037 (1991).

Maia, C. M., Ferguson, B., Volpato, G. L. & Braithwaite, V. A. Physical and psychological motivation tests of individual preferences
in rainbow trout. J. Zool. 302, 108-118 (2017).

@verli, @. et al. Behavioral and neuroendocrine correlates of displaced aggression in trout. Horm. Behav. 45, 324-329 (2004).
Tendzegolskis, Z., Viru, A. & Orlova, E. Exercise-induced changes of endorphin contents in hypothalamus, hypophysis, adrenals and
blood plasma. Int. J. Sports Med. 12, 495-497 (1991).

Fuss, . et al. A runner’s high depends on cannabinoid receptors in mice. Proc. Natl. Acad. Sci. 112, 13105-13108 (2015).
Mikkelsen, K., Stojanovska, L., Polenakovic, M., Bosevski, M. & Apostolopoulos, V. Exercise and mental health. Maturitas 106,
48-56 (2017).

Lepage, O., Larson, E. T., Mayer, 1. & Winberg, S. Serotonin, but not melatonin, plays a role in shaping dominant-subordinate
relationships and aggression in rainbow trout. Horm. Behav. 48, 233-242 (2005).

Dahlbom, S. J., Backstrém, T., Lundstedt-Enkel, K. & Winberg, S. Aggression and monoamines: effects of sex and social rank in
zebrafish (Danio rerio). Behav. Brain Res. 228, 333-338 (2012).

Earley, R. L. et al. Social interactions tune aggression and stress responsiveness in a territorial cichlid fish (Archocentrus
nigrofasciatus). Physiol. Behav. 88, 353-363 (2006).

Galhardo, L. & Oliveira, R. F. The effects of social isolation on steroid hormone levels are modulated by previous social status and
context in a cichlid fish. Horm. Behav. 65, 1-5 (2014).

Barcellos, L. J. G., Nicolaiewsky, S., De Souza, S. M. G. & Lulhier, F. Plasmatic levels of cortisol in the response to acute stress in Nile
tilapia, Oreochromis niloticus (L.), previously exposed to chronic stress. Aquac. Res. 30, 437-444 (1999).

Culbert, B. M. & Gilmour, K. M. Rapid recovery of the cortisol response following social subordination in rainbow trout. Physiol.
Behav. 164, 306-313 (2016).

Saraiva, J. L., Keller-Costa, T., Hubbard, P. C., Rato, A. & Candrio, A. V. M. Chemical diplomacy in male tilapia: urinary signal
increases sex hormone and decreases aggression. Sci. Rep. 7, 1-9 (2017).

Stolte, E. H. et al. Corticosteroid receptors involved in stress regulation in common carp, Cyprinus carpio. J. Endocrinol. 198,
403-417 (2008).

Almeida, O., Gongalves-de-Freitas, E., Lopes, J. S. & Oliveira, R. F. Social instability promotes hormone-behavior associated patterns
in a cichlid fish. Horm. Behav. 66, 369-382 (2014).

Schmied, C., Waiblinger, S., Scharl, T., Leisch, F. & Boivin, X. Stroking of different body regions by a human: effects on behaviour
and heart rate of dairy cows. Appl. Anim. Behav. Sci. 109, 25-38 (2008).

Tallet, C., Veissier, I. & Boivin, X. Temporal association between food distribution and human caregiver presence and the
development of affinity to humans in lambs. Dev. Psychobiol. 50, 147-159 (2008).

Coulon, M. et al. Human-lamb bonding: oxytocin, cortisol and behavioural responses of lambs to human contacts and social
separation. Psychoneuroendocrinology 38, 499-508 (2013).

Housey, G. & Melfi, V. Human-animal interactions, relationships and bonds: a review and analysis of the literature. Int. J. Comp.
Psychol. 27, 117-142 (2014).

Barreto, R. E. et al. Aggressive behaviour traits predict physiological stress responses in Nile tilapia (Oreochromis niloticus). Mar.
Freshw. Behav. Physiol. 42, 109-118 (2009).

Moreira, P. S. A. & Volpato, G. L. Conditioning of stress in Nile tilapia. J. Fish Biol. 64, 961-969 (2004).

Huntingford, F. A. & DeLeaniz, C. G. Social dominance, prior residence and the acquisition of profitable feeding sites in juvenile
Atlantic salmon. J. Fish Biol. 51, 1009-1014 (1997).

. Hsu, Y. & Wolf, L. The winner and loser effect: integrating multiple experiences. Anim. Behav. 57, 903-910 (1999).
48.

Falter, U. Les comportaments agonistiques de Sarotherodon niloticus (Pisces, Cichlidae) et la signification évolutive de I'incubation
buccale. Bull. CI. des Sci. Math. natturalles 69, 566-593 (1983).

Carvalho, T. B., Mendonga, F. Z., Costa-Ferreira, R. S. & Gongalves-de-Freitas, E. The effect of increased light intensity on the
aggressive behavior of the Nile tilapia, Oreochromis niloticus (Teleostei: Cichlidae). Zool. 30, 125-129 (2013).
Gongalves-de-Freitas, E., Carvalho, T. B. & Oliveira, R. F. Photoperiod modulation of aggressive behavior is independent of
androgens in a tropical cichlid fish. Gen. Comp. Endocrinol. 207, 41-49 (2014).

Ros, A. F. H., Becker, K. & Oliveira, R. F. Aggressive behaviour and energy metabolism in a cichlid fish, Oreochromis mossambicus.
Physiol. Behav. 89, 164-170 (2006).

Galhardo, L. & Oliveira, R. E. Psychological stress and welfare in fish. Annu. Rev. Biomed. Sci. 11, 1-20 (2009).

Babiker, M. M. & Khartoum, S. Studies on the biology of reproduction in the cichlid Tilapia nilotica (L.): gonadal maturation and
fecundity. J. Fish Biol. 14, 437-448 (1979).

Cousineau, D. & Chartier, S. Outliers detection and treatment: a review. Int. J. Psychol. Res. 3, 58-67 (2010).

Lehner, P. N. Handbook of ethological methods. (Cambridge University Press, 1996).

Acknowledgements

We would like to thank the Animal Behavior Laboratory members for the profitable discussions on this research,
and Felipe Dorigao Guimaraes for helping with data collection. We also thank Marta Soares (Universidade do
Porto, Portugal) for previous discussions on fish tactile stimulation. This study was supported by the “National
Council of Technological and Scientific Development” - CNPq, (#312781/2013-0), with grants to EGF; and a
CNPq fellowship to MCB. The Laboratory of Animal Behavior, IBILCE, UNESP retains the right on the tactile
stimulator apparatus reported in the present paper.

SCIENTIFIC REPORTS | (2019) 9:40 | DOI:10.1038/s41598-018-36876-1 9


https://www.quora.com/Do-fish-like-being-petted

www.nature.com/scientificreports/

Author Contributions

E.G.F conceived the idea of the study. M.C.B. and E.G.E. designed the study. M.C.B. and A.C.d.S.G. collected
data. M.C.B,, E.G.F and A.C.d.S.G. analyzed data and wrote the manuscript. All authors agree with the theoretical
approach and conclusion of this study.

Additional Information
Competing Interests: The authors declare no competing interests.

Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

. | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFICREPORTS| (2019) 9:40 | DOI:10.1038/s41598-018-36876-1 10


http://creativecommons.org/licenses/by/4.0/

	Tactile stimulation reduces aggressiveness but does not lower stress in a territorial fish

	Results

	The apparatus worked. 
	Fish went through the apparatus after stress. 
	Aggressive interaction was lower in treatment with tactile stimulation. 
	Cortisol was not lower in treatment with tactile stimulation. 

	Discussion

	Methods

	Fish housing. 
	Experimental Design. 
	Tactile stimulation. 
	Protocol. 
	Non-social stress experiment. 
	Social stress experiment. 
	Behavioral data. 
	Cortisol assay. 
	Experimental details. 
	Statistical analysis. 
	Ethical note. 

	Acknowledgements

	Figure 1 Photo of the apparatus developed for tactile stimulation, showing the PVC structure and silicone bristles (A) through which fish passed to reach food, receiving tactile stimulation as a consequence (from above in B).
	﻿Figure 2 Number of crossings through the center of the aquarium during period with/without food in the treatment with tactile stimulation in both studies, then 15 replica for Non-social stress experiment and 14 replica for Social stress experiment were o
	﻿Figure 3 Number of crossings before and after (A) non-social (N = 15) and (B) social stressors (N = 14) in both treatments.
	﻿Figure 4 Number of displays (A) and attacks (B) in treatment with tactile stimulation (N = 14) and treatment without tactile stimulation (N = 14).
	﻿Figure 5 Plasma cortisol level before and after (A) non-social (N = 10) and (B) social stressor (N = 9).
	Table 1 Protocol timeline.




