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Simple Summary: Environmental enrichment is an important part of animal welfare. In this study,
rare minnow in different rearing conditions underwent comprehensive evaluation regarding
growth, anxiety-like behavior, and physiology parameters. Results showed that there were no dif-
ferences in SGR, anxiety-like behavior, DA, DOPAC, and 5-HIAA levels between control and en-
riched groups. However, the enriched group had higher cortisol and 5-HT levels. Therefore, re-
searchers should focus on the effect of environmental enrichment regarding the welfare of rare min-
now and how it effects the validity of data from laboratory studies.

Abstract: Environmental enrichment is a method to increase environmental heterogeneity, which
may reduce stress and improve animal welfare. Previous studies have shown that environmental
enrichment can increase the growth rate, decrease aggressive and anxiety-like behaviors, improve
learning ability and agility, and reduce cortisol levels in animals. These effects usually differ be-
tween species. Unfortunately, habitat enrichment on laboratory fish is poorly studied and seldom
adopted in care guidance. Rare minnows (Gobiocypris rarus) have been cultured as a native labora-
tory fish in China in barren banks without environmental enrichment since 1990; they have been
widely used in studies on ecotoxicology, environmental science, and other topics. The purpose of
this study was to investigate the effect of environment enrichment on the growth, physiological
status, and anxiety-like behavior of laboratory rare minnows. We observed and analyzed SGR, cor-
tisol levels, DA, DOPAC, 5-HT and 5-HIAA, and anxiety-like behavior indexes after one month of
treatment in barren (control) and enrichment tanks. We found that there were no significant differ-
ences in SGR, anxiety-like behavior, DA, DOPAC, or 5-HIAA levels between the two treatments.
However, higher cortisol and 5-HT levels were observed in the enrichment tanks. This study sug-
gests that rare minnows might be influenced by their living environment, and future related studies
should consider their environmental enrichment.

Keywords: rare minnow; environmental enrichment; growth; physiology; anxiety-like behavior;
welfare
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1. Introduction

The physical and mental status of animals is often affected by the environment. In
fact, a lack of shelter in artificial environments may elicit a variety of stress responses in
fish, including physiological, psychological, and behavioral effects [1]. In addition, envi-
ronment homogeneity may decrease fishes’ learning opportunities and learning ability
[1]. Enrichment is a method to increase environmental heterogeneity and provide shelter
by introducing plants, cobbles, and other physical structures into the rearing environment
[1,2].

As aresult of simulating the natural habitat, enrichment usually has a positive impact
on fish because it provides the fish diverse physical or hydraulic environments and op-
portunities to choose its habitat. Many studies have shown that environmental enrich-
ment can enhance growth rate [3-7], decrease aggressive and anxiety-like behaviors [8-
10], enhance learning ability [11-13] and agility [14], and reduce cortisol (an indicator of
stress) levels [8]. However, some studies have identified cases in which enrichment elic-
ited negative or neutral effects [15-21]. The differences in these results are not only related
to differences in species or life history stages, but also with the type and level of enrich-
ment [2,22].

Owing to their small size, high fecundity, short generation, rapid sexual maturity,
and simple facility, laboratory fish are widely used in the life sciences [23]. The welfare of
laboratory fish is becoming a new and urgent topic and, as it is an important part of animal
welfare, environmental enrichment of laboratory fish should be given more attention. Un-
fortunately, environmental enrichment is less adopted in care guidance instructions for
laboratory fish [21]. For instance, studies have shown that environmental enrichment has
certain benefits, such as reducing zebrafish anxiety-like behavior and increasing prolifer-
ating cell nuclear antigen positive nuclei and spatial learning ability [10,15,24], but most
laboratories still use barren tanks to raise zebrafish. Enriching laboratory fish not only
improves the fish’s welfare [22] but may also impact the validity of the data collected
[25,26] and feeding management [27].

The rare minnow (Gobiocypris rarus) is a small cyprinid fish that is widely used as a
native laboratory fish for chemical testing and research on disease, toxicology, behavior,
and genetics [28-34]. For its use as a laboratory animal, serial standard drafts have been
established on topics including controls on pathogens, heredity, environment, and nutri-
tion. However, environmental enrichment is not considered essential for animal welfare,
although previous study showed rare minnow had a significant preference for an en-
riched environment [35]. The aim of this study was to investigate the effect of environ-
mental enrichment on the growth, anxiety-like behavior, and physiological status of la-
boratory rare minnows.

2. Material and Methods
2.1. Fish Culturing and Environmental Enrichment

Rare minnows (Gobiocypris rarus) were provided by the National Aquatic Biological
Resource Center (NABRC). The whole experiment was done in NABRC’s laboratory. In
order to ensure animal welfare and meet the sampling requirements, 72 adult fish aged 6
months with an average total length of 33.5 + 2.44 mm and body weight of 0.39 + 0.05 g
were randomly, equally placed into six plastic tanks (length: 40.0 cm, width: 25.0 cm,
height: 20.0 cm), exhibiting 12 rare minnows per tank. All individuals were in the same
recirculating aquatic housing system equipped with multistage filtration including acti-
vated filter stone, filter sponge, and UV sterilization. The tanks were arranged into two
treatments: environmental enrichment and control. In the three enriched replicate tanks,
the whole bottom was covered with faint yellow gravel, ~1 cm deep and ~0.4 cm in diam-
eter, and plastic plants (three artificial plants that mimic Potamogeton perfuliatus, signal leaf
length: 2.2 cm, plant length: 16 cm, color: green). Two artificial plants mimicking Hydrilla
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verticillata (signal leaf length: 1.5 cm, plant length: 16 cm, color: green) were added to oc-
cupy approximately 40% of the surface area (Figure 1). The other three barren replicate
tanks without any enrichment were set as the control group. Test fish were reared in the
tanks for one month until they were sampled or used for the behavior experiments.

S - e -,g o e

Figure 1. Photographs of the enrichment group.

During the rearing period, we maintained the water depth at 16 cm and the water
flow rate at 700 mL/min. The light/dark cycle was 12:12 h. Water temperature was main-
tained at 25.6 + 0.2 °C. The pH was 7.49-7.80. Fish were fed commercial dry pellets (crude
protein > 35%, crude fat > 3.0%, crude fiber < 8.0%, crude ash < 15%, moisture < 10%, cal-
cium = 12%, phosphorus > 0.6%, lysine > 1.5%) twice daily at 10:00 am and 4:00 pm. No
injuries or deaths were found during the experiment, and the remaining individuals were
transferred back to the NABRC after the experiment ended.

2.2. Sampling and Measuring of Physiological Parameters

At the end of the month, four fish from the same tanks (three replicates enriched and
control tanks) were euthanized in ice water [36]. Immediately after the total body length
and body weight were measured, each fish was dissected on ice. The body weight and
body length of the remaining fish were measured after the anxiety-like behavior test. All
the brain tissue was used to determine the levels of neurotransmitters, including Dopa-
mine (DA), Serotonin (5-HT), 3,4-dihydroxyphenylacetic acid (DOPAC), 5-hydroxyin-
doleacetic acid (5-HIAA), and brain protein. The rest of the body was used to determine
the cortisol level. All procedures and the experimental protocols were approved by the
Institutional Animal Care and Use Committee of the Institute of Hydrobiology, Chinese
Academic of Sciences (IHB/LL/2020025).

Four fish brains from the same tank were mixed into one sample and two bodies from
the same tank were mixed into one sample. Samples of brain or body were homogenized
in cold PBS (9x weight, pH 7.4) and centrifuged at 3000 rpm for 20 min in a refrigerated
centrifuge (4 °C). The supernatants were collected and used for analysis. The cortisol, DA,
DOPAC, 5-HT, and 5-HIAA levels were measured using a fish-specific commercial ELISA
Assay Kit (Jiangsu Meimian Industrial Co., Ltd., Yancheng, China) according to the man-
ufacturer’s guidelines. Brain protein was measured using a commercial BCA Assay Kit
(Jiangsu Meimian Industrial Co., Ltd., Yancheng, China) according to the manufacturer’s
guidelines.
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2.3. Anxiety-Like Behavioral Studies
2.3.1. Light-Dark Test

The light-dark test was used for the anxiety-like behavior test in fish [10,37]. The
light-dark experiment was designed based on a previous study [10], based on scototaxis.
Rare minnows prefer a dark environment and are suitable for this light-dark test. The
reduction in the number of entries to the light part and the time spent in the light part
were considered indicators of anxiety-like behavior [37]. A rectangular glass tank was di-
vided into two equal size parts, which were affixed with a white or black sticker separately
(Figure 2). The 12 enriched and 12 control fish (four from each replicate enriched and con-
trol tank) were randomly selected and observed one by one, with one enriched and one
control fish observed simultaneously. Each fish was only observed once to prevent any
impacts from multiple measurements. Test fish were gently put into the dark part of the
light-dark tank. The fish were allowed to adapt to the tank for 2 min, then data were col-
lected with a camera (TTQ, China, Resolution: 1920 x 1080) for 8 min. The number of en-
tries to the light part and total time spent in the light part were counted manually by
playback video. In order to minimize human interference, we did not set up any partitions
during the adaptation period. Fresh system water was added after each trial.

16cm

18cm

24cem

Figure 2. Diagram of the light-dark test tank (24 cm x 16 cm x 18 cm high, water level is 10 cm).

2.3.2. Novel Tank Test

The novel tank test was used for anxiety-like behavior test in fish, and mainly utilized
their natural instinct to dive to the bottom of the tank and explore its environment [38,39].
The apparatus consisted of a trapezoidal glass tank (Figure 3). The tank was divided into
two parts of the same height: a bottom layer and an upper layer. Except for the front cam-
era (TTQ, China, Resolution:1920 x 1080), all parts of the test tank were covered with white
frosted stickers to prevent any external interference. All behavior parameters were
counted manually by playback video.

N\

28cm

-------- =1 10cm

10cm

23cm

Figure 3. Front view of the novel tank test. Water level is 10 cm.
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The 12 enriched and 12 control naive fish (four from each replicate enriched and con-
trol tanks) were randomly selected, and one fish was gently put into the tank for each test
at the same time. The fish were allowed to adapt to the tank for 2 min, then data were
collected with a camera for 8 min. Each fish was only observed once to prevent the impact
of multiple measurements. Different fish were used for the different behavioral tests. The
tank was filled with system water, which was replaced at the end of each trial. The behav-
ior parameters included the number of entries to the upper layer and total time spent in
the upper layer. The reduction in the number of entries to the upper layer and the time
spent in the upper layer are considered indicators of anxiety [39].

2.4. Data Analysis

The specific growth rate (SGR) was used to evaluate growth. SGR% = 100 = (In (BWr)
- In (BW1))/T, where BWi represents initial body weight in mg, BW: represents final body
weight in mg; T(d) represents experimental period in days. DA, DOPAC, 5-HT, and 5-
HIAA levels were normalized to total brain protein weight (stated as ng/g of brain pro-
tein) and cortisol levels were normalized to body weight (stated as ng/g body weight).

The Shapiro-Wilk Test was used to determine whether the data obey normal distri-
bution. If the data met the assumption of normal distribution, then an independent sam-
ples t test was used to analyze the differences between the two groups. If the data did not
meet the assumption of normal distribution, then a Mann-Whitney U test was used to
analyze the differentiation between the two groups. There were no data excluded. All sta-
tistical analyses were performed using SPSS 25.0. Significance level was set at p <0.05, and
extremely significant level set at p < 0.001.

3. Results
3.1. Growth

After one month of treatment in different environments, there was no significant dif-
ference between the two treatments (t =-0.1, p = 0.924) (Figure 4) (Table 1).

Table 1. Growth and physiology parameters of different rearing conditions.

SGR (%/d) Cortisol DA (ng/g DOPAC (ng/g 5-HT (ng/g 5-HIAA (ng/g
? (ng/g) Protein) Protein) Protein) Protein)
Control 1.13+0.11 1946 +0.11 7.9 £0.57 10.53 + 0.62 15.03 + 0.93 11.01 +0.62
Enrichment 1.25+0.12  22.07+0.5 7.03+0.3 10.78 + 0.58 18.06 + 0.96 10.32 + 0.64
1.5 1
— I A
=
=
=2
Q0
w
0.5 1
0 4

Control Enrichment

Figure 4. Special growth rate of body weight (SGR, mean + 5.D.) in different treatments (1 = 3).



Animals 2022, 12, 514 6 of 12

3.2. Physiological Parameters

Fish in the enriched treatment had significantly higher cortisol levels than fish in the
control treatment (t =-12.93; p <0.001) (Figure 5). There were no significant differences in
DA (t=1.923, p=0.127), DOPAC (t=-0.432, p = 0.694), or 5-HIAA (t=1.1, p = 0.335) levels
between the two treatments, except that fish in the enriched treatment had higher 5-HT
levels (t =-3.22; p = 0.032) (Figure 6) (Table 1).

15 -
20 A

—_

20 s A

o)

=

=

o

w

2]

2

s 10 A

O
5.
0 A T

Control Enrichment

Figure 5. Cortisol level (mean + S.D.) of the different environmental treatments (1 = 3, three pooled
samples of two fish each from each treatment). “***” represents extremely significant difference (p <

0.001).
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Figure 6. DA, DOPAC, 5-HT, and 5-HIAA levels (mean + S.D.) of the different environmental
treatments (1 = 3, three pooled samples of four fish each from each treatment). (A) DA, (B) 5-HT, (C)
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DOPAC, and (D) 5-HIAA concentrations of the two groups. “*” represents a significant difference
(r <0.05).

3.3. Anxiety-Like Behavior

No significant differences were found between the two treatments in terms of the
time distribution between the light and dark areas (Mann-Whitney U test, U = 67, N =12,
p =0.799) or number of entries to the light areas. (Mann—-Whitney U test, U=68.5, N =12,
p = 0.843) (Figure 7) (Table 2).

Table 2. Anxiety-like parameters of different rearing condition.

Light-Dark Test Novel Tank Test
Light time (s)  Dark time (s)  No. of Entries Upper time (s) Bottom time (s) No. of Entries
Control 7417 +£24.82 405.83 +24.82 417 £2.29 65.17 £40.43  414.83 +40.43 16.5+10.23
Enrichment 77.92 +43.21 402.08 + 43.21 4.92+0.92 41.08 +14.41 438.92 +14.41 9.8 +2.45
500 7 OLight mDark A . 87 B
o
400 5 6]
o
o 300 1 5
Py 2 4
2 n
= 200 ‘E
B,
100 s °
r‘_‘ 5
Z
0 : ; 0
Control Enrichment Control Enrichment Control Enrichment

500 1

OUpper ®Bottom

BN

Figure 7. Time distribution and number of entries to the light part (mean + S.E.) in the light-dark
test (n =12). (A) Time spent in the light and dark parts. (B) Numbers of entries to the light part.

4. Discussion

In the novel tank test, there were no significant differences between the two treat-
ments in the time distribution in the upper and lower layers of the tank (Mann-Whitney
U test, U=90, N =12, p = 0.932) or the number of entries to the upper layer. (Mann-Whit-
ney U test, U=72, N =12, p = 1) (Figure 8) (Table 2).

A 30 1~ B

20 4

No. of Entries to the upper layer

<)

T

Control Enrichment Control Enrichment Control Enrichment

Figure 8. Time distribution and number of entries to the upper layer (mean + S.E.) in the novel tank
test (n = 12). (A) Time spent in the upper and bottom layer. (B) Numbers of entries to the upper
layer.

4.1. Effect of Enrichment on Growth

Growth is one of the most important physiological processes in the life history of fish.
Any factor that affects animal feeding, digestion, activity, metabolism, and other physio-
logical processes may affect animal growth. Growth is a simple index that reflects the
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comprehensive performance of many eco-physiological processes. When considering an-
imal welfare, growth and survival are basic “natural demands”. If an animal’s growth is
significantly affected by adverse conditions, then its welfare could deteriorate signifi-
cantly [40]. Previous studies have shown that the factors affecting the growth of rare min-
nows include nutrients [41,42], water temperature [43] and other physical and chemical
characteristics of their water environment, feeding, and other culturing strategies [43—45].
Therefore, these impact factors are restricted or controlled in the standard drafts of rare
minnows to ensure their basic welfare. Although some studies revealed that environmen-
tal enrichment may help fish grow [3-7], our results showed no significant difference in
SGR between the environmental enrichment and control fish, indicating that the barren
tank (control) did not result in significant welfare deficiency. A small fish, the rare min-
now seems to be well adapted to aquarium breeding. Rare minnow growth was not af-
fected by complex environments; this may be one of the reasons why the species is used
so widely as a laboratory animal.

4.2. Effect of Enrichment on Physiological Parameters

Poor conditions are often accompanied by stress, so stress level is a common metric
for judging animal welfare. Stress, which usually refers to a change in one’s condition in
response to a changing environment, is a physiological process of adapting to and main-
taining homeostasis in the internal environment [46]. In the face of long-term stress, fish
feeding, growth, immunity, and other factors suffer, and thus so does the fish’s welfare
[40]. When fish encounter stress, their hypothalamic-pituitary-renal tissue (HPI) axis and
neurotransmitter activity are generally considered to be the primary neuroendocrine reg-
ulators, and subsequent secondary reactions affect immune function, enzyme activity,
blood parameters, etc., and finally lead to changes in behavior, reproductive ability,
growth, and survival throughout the organism [47-50]. Brain serotonergic system activity,
dopaminergic system activity, and cortisol levels are considered to be accurate and com-
monly used indicators of stress and welfare in fish [22,51-54]. Previous studies have
shown that environmental enrichment may increase, decrease, or have no effect on fish
cortisol levels [15,22,54-57]. In the present study, cortisol level in the environmental en-
richment treatment did not decrease significantly. On the contrary, it was 22.07 (ng/g),
13% higher than in the control. This result is somewhat unexpected. It may be that the
disturbances that resulted from removing artificial aquatic plants from the aquarium be-
fore euthanasia resulted in the higher cortisol level in the enrichment fish. On the other
hand, hormonal response to stressors in general and chronic stressors in particular can be
highly context dependent, and there is currently a lack of consensus as to the direction
and magnitude of this response [58]. The reasons for the higher cortisol level in the en-
riched group need further investigation.

The dopaminergic system is usually correlated with reward and motor functions [59-
62]. In the present study, there were no significant differences in DA and DOPAC levels
between the control and environmental enrichment, indicating that environmental enrich-
ment has no effect on the above-mentioned functions of rare minnows. This result is sim-
ilar to that of the black rockfish (Sebastes schlegelii) [22].

The serotonergic system is usually involved in the regulation of various physiologi-
cal functions in animals—such as aggressive behavior, anxiety, and depression—and
plays especially important roles in emotion regulation [63-66]. For instance, rodent stud-
ies have demonstrated that serotonin depletion results in increased aggression, and sero-
tonin augmentation results in decreased aggression [67]. Environmental enrichment res-
cued the depressive phenotype of female HD mice, corresponding with increased gene
expression of specific 5-HT receptors in the hippocampus and cortex [65]. In the present
study, significantly higher 5-HT levels were found in the environmental enrichment
group, indicating that the enriched environment benefits the rare minnow.
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4.3. Effect of enrichment on Anxiety-like behavior

When fish face environmental stress, their intuitive response is reflected in behavior.
If the fish are unable to escape the threat, then their behavior may change. Enriched envi-
ronments create a complex habitat that allows animals to choose suitable hiding places,
thus protecting them from fear and stress. Studies have shown that environmental enrich-
ment can reduce anxiety-like behaviors and improve wellbeing [10,68,69]. However, in
the present study, there was no significant difference in the time distribution or the num-
bers of entries between the two treatments in either the light-dark or novel tank tests. In
fact, rare minnows, which live in small water bodies gregariously in the wild, are easily
domesticated for aquariums. Rare minnows reared in barren tanks rarely display panic
behavior. For instance, when breeders step close to the aquarium, fish tend to approach—
a sign that they are waiting to be fed —instead of hiding or escaping. Therefore, environ-
mental enrichment might have a limited effect on anxiety-like behavior.

5. Conclusions

The present study showed that environmental enrichment has no significant effect
on the growth, anxiety-like behavior, or dopamine level of rare minnow, but it does sig-
nificantly affect 5-HT level and cortisol levels. In the present study, we used stone bedding
and aquatic plants to simulate a natural environment. The bottom of the aquarium box
was fully covered with stone bedding, and the coverage of aquatic plants reached 40%;
these conditions were too inconvenient to use in daily cultures. In this study, whether the
environment is enriched or not probably had a limited effect on fish growth and anxiety-
like behaviors. However, higher 5-HT level might be benefiting the rare minnow. There-
fore, the barren tank may not meet some of the welfare demands of the laboratory rare
minnow. It is important to note that the type and level of environmental enrichment are
diverse, and there might be different results. More research is needed to meet the welfare
demands of the laboratory rare minnow; at the same time, it is also convenient for daily
management.
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