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EXCESSIVE LUMINOSITY FADES THE SKIN COLOR OF  
CARDINAL TETRA

ABSTRACT
In order to understand the morphological and physiological changes on the loss of coloration in 
the tegument of cardinal tetra under excessive luminosity, specimens of Paracheirodon axelrodi 
were conditioned to different light intensities (0, 250, 500, 1,200 and 2,700 lux) at different time 
intervals (0, 12, 24 and 72 hours). Types of chromatophores, dispersion of melanosomes and density 
of chromatophores were analyzed after the experiment. The dark stripe on the species consists of 
yellowish-brown (dorsally located) and darkish-brown (medially located) melanophores. In the 
iridescent blue stripe, darkish-brown melanophores were closely associated with iridophores. 
Erythrophores were found only in the red stripe. Loss of skin color was observed when cardinal 
tetra was exposed to intense light. The melanic and neon stripes became pale due to a reduction in 
melanophores densities. On the other hand, the color of the red stripe was intensified due to the 
proliferation of erythrophores. At low light levels (0 to 250 lux), the melanophores (with dispersed 
melanosomes) proliferate in the black and neon stripes resulting in a more vibrant skin color. 
We  suggest that in nature, the paleness of the skin may represent a camouflage strategy during the 
hours of the day with greater luminosity in the black water of the Rio Negro. Fading the skin color 
can help this species to visually confuse potential predators.
Key words: ornamental fish; tegument; chromatophores; light intensity.

LUMINOSIDADE EXCESSIVA REDUZ A COLORAÇÃO DA PELE DO  
CARDINAL TETRA

RESUMO
Para compreender as mudanças morfológicas e fisiológicas da perda da coloração no tegumento do 
cardinal após exposição à luminosidade, exemplares de Paracheirodon axelrodi foram submetidos 
a diferentes intensidades luminosas (0, 250, 500, 1.200 e 2.700 lux), em diferentes intervalos de 
tempo (0, 12, 24 e 72 horas). Após a exposição, foram analisadas a dispersão dos melanossomos e a 
densidade de cromatóforos. A faixa de coloração escura do cardinal é constituída por melanóforos 
de coloração marrom-amarelado (dorsalmente localizados) e marrom-escuro (latero-medial). 
Na  faixa azul iridescente, os melanóforos de cor marrom-escuro estão intimamente associados 
aos iridóforos. Eritróforos foram encontrados apenas na faixa vermelha. Observou-se que a 
perda da coloração ocorre devido à exposição pela luminosidade excessiva. As faixas melânica 
e neon tornam-se pálidas devido à redução na densidade dos melanóforos, enquanto a faixa 
vermelha intensifica-se como resultado da proliferação de eritróforos. Em baixa luminosidade 
(0 a 250 lux), os melanóforos (com melanossomos dispersos) proliferam-se nas faixas melânica 
e neon realçando ainda mais as cores vibrantes do cardinal. Nós sugerimos que na natureza a 
palidez pode representar um padrão de camuflagem durante as horas de intensa luminosidade 
nas águas pretas do rio Negro. A redução da coloração na pele pode ajudar o cardinal a confundir 
potenciais predadores visuais.
Palavras-chave: peixe ornamental; tegumento; cromatóforos; intensidade luminosa.

INTRODUCTION

The coloration in the tegument of fish is associated with several important functions, 
such as camouflage, sexual selection and protection against ultraviolet radiation 
(ITO and WAKAMATSU, 2003; OLIVEIRA and FRANCO-BELUSSI, 2012). 
In general, the color of the skin is the result of the combination of chemical color 
by the absorption of the light rays by means of the chromophores and/or structural 
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color due to the multiple internal reflections associated to the 
phenomena of optical interference (FUJII, 1993; SUGIMOTO, 
2002). Chromophores are the cells responsible for skin coloration 
of basal vertebrates. Depending on the chemical or structural nature 
of the substances that generate the coloration, the chromatophores 
can be classified into two distinct subclasses: the pigmentary cells 
that absorb and those that reflect light rays. The melanophores 
(black/brown), erythrophores (red/orange), xanthophores (yellow) 
and cyanophores (blue) contain true pigments (chromophores), 
while leucophores and iridophores do not have biochromes and 
are responsible for the structural coloration of the tegument 
(OSHIMA, 2001; TAKAHASHI et al., 2014).

In melanophores, the melanin pigment absorbs virtually all light 
within the visible spectrum (KELLEY and DAVIES, 2016), while 
xanthophores and erythrophores contain carotenoids and pteridines, 
which absorb light between 467 and 477 nm (FUJII, 1993; NERY 
and CASTRUCCI, 1997; LIGON and MCCARTNEY, 2016). On the 
other hand, iridophores are cells that produce structural coloration 
and are located in the silver or iridescent regions of the skin of 
fish (FUJII, 1993; KALETA, 2009). These cells are located below 
the melanophores, constituting the unit of dermal chromatophores 
(LIGON and MCCARTNEY, 2016). The reflectivity of the 
iridophores is due to the presence of microstructures (lamellae) 
within the cell (OSHIMA and KASAI, 2002; YOSHIOKA et al., 
2011). The lamellae are formed by guanine crystals, and the 
structural organization of these lamellae allows light to reflect 
between the maximum peaks of 350 to 400 nm and 500 to 600 nm 
(YOSHIOKA et al., 2011; LIGON and MCCARTNEY, 2016). 
Skin coloration is the result of a series of optical phenomena 
that include reflection, refraction, fluorescence and iridescence 
(OSHIMA and KASAI, 2002).

The color change in the tegument of the fish can occur by 
two distinct means: morphological and physiological changes 
(SUGIMOTO, 2002; GILBY et al., 2015). Physiological change 
occurs on a short time scale, that is, from seconds to hours, being the 
result of the movement of membranous vesicles (chromatosomes) 
containing pigments inside the melanophores, xanthophores and 
erythrophores (FUJII, 2000; MÄTHGER et al., 2003). In the case 
of iridophores, the color change is due to small alterations in the 
distance between the adjacent lamellae of nanostructures, such 
as guanine plates (AMIRI and SHAHEEN, 2012). On the other 
hand, the morphological change usually involves modifications 
in the density of the chromatophores as well as the amount of 
pigments inside the cytoplasm. These changes occur within days 
and even weeks (KELLEY and DAVIES, 2016).

It is the lateral coloration of the cardinal tegument (Paracheirodon 
axelrodi Schultz, 1956) that makes this Neotropical characid one 
of the most commercialized ornamental freshwater fish in the 
world. The iridescent blue strip is contrasted by the dark upper 
and lower red stripes that extend over the entire body of the fish. 
Native to the basins of the Negro and Orinoco rivers, the cardinal 
lives among the branches and submerged leaves (WALKER, 2004; 
MARSHALL et al., 2011). Like the other black water rivers, the 
Rio Negro is rich in dissolved organic carbon, which is constituted 
by pigmented organic polymers known as humic and fulvic acids 
(AUCOUR et al., 2002), whose hue varies from yellow-orange in 

fulvic acids and dark gray in humic acids (WANG et al., 1990). 
Thus, the optical properties of the dissolved humic substances 
can contribute to create a species-specific coloring pattern for 
the cardinal. Therefore, the tegument coloration of this fish can 
be plastically adjusted to the characteristics of the habitat, such 
as light intensity. This can give the fish a camouflage against 
potential visual predators.

The ability of the animal to change color as a function of habitat 
choice and to become cryptic is important for the survival of both 
the individual and the population (STEVENS and MERILAITA, 
2009). Thus, camouflage may be both necessary to confuse the 
visual predator (STUART-FOX et al., 2006), and in foraging 
tactics during prey search (ABBOTT, 2010). The change in the 
color of the skin can also be directly influenced by the intensity 
of ambient light, which varies daily and seasonally (KELLEY 
and DAVIES, 2016). However, if the light is kept constant on 
the fish, such condition may alter the color of the animal and 
result in stress (OLIVEIRA and FRANCO-BELUSSI, 2012). 
In contrast, stress can also alter the color pattern in the skin 
of the fish (BRINN et al., 2009). Therefore, in this work, we 
evaluated the physiological and morphological changes in 
cardinal skin color and discussed that changes in the color of 
the tegument can be a tactic of camouflage of this species in 
its natural environment.

METHODS

Fish origin and acclimatization
The samples of cardinal tetra, Paracheirodon axelrodi 

(0.075 ± 0.016 g, 1.66 ± 0.16 cm, Figure 1) from the Middle 
Rio Negro (0º40’S and 62º58’W) were purchased at a local 
aquarium store (Manaus, Amazonas). The fish were kept in 
1,000 L blue plastic tanks for two months, with the following 
conditions: temperature (29.2 ± 1.1 °C), dissolved oxygen 
5.4 ± 0.8 mg L-1, conductivity (24.5 ± 2.7 μS), pH 5.5 ± 1.3 
and natural photoperiod. The brightness during the day varied 
from 250 to 500 lux. The  animals were fed twice daily with 
commercial feed containing 38% crude protein (Alcon Neon, 
Camboriú, SC). The feeding was suspended 24 hours prior to 
the start of the experiments.

Figure 1. Adult specimen of Paracheirodon axelrodi (cardinal 
tetra). Scale = 3 mm. Photography: Wallice Paxiúba Duncan.
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Experimental design
The evaluation of the effect of the luminosity on the 

chromatophore density in the melanic, neon and red stripes 
was carried out by exposing the fish to five artificial lighting 
levels: 0, 250, 500, 1,200 and 2,700 lux. For each level of 
luminosity, the animals were kept in different time intervals: 
0, 12, 24 and 72 hours uninterrupted. The experimental design 
was completely randomized. For each level of luminosity and for 
each time interval, 4 aquariums (four replicates) of glass were 
used with 300 mL of water with 2 fish per aquarium. In total, 
80 glass aquariums and 160 animals were used.

The different luminous intensities were reached with LED 
lamps with a color temperature of 6,500 K (white-blue) luminous 
flux at 100 lumens. The illumination of each experimental unit 
was continuously monitored with the aid of a portable digital 
apparatus, HS1010 lux meter. The luminosity variations between 
the experimental units were adjusted so as to reduce the variability 
between the replicates. The physical and chemical characteristics 
of the water of the experimental units were: 4.2 ± 0.5 mg L-1 
oxygen, conductivity 10.3 ± 1.2 μS.cm-1, temperature 27.4 ± 0.7 °C, 
pH 6.3 ± 0.8, Na+ 0.76 ± 0.11 μM, K+ 1.34 ± 0.17 μM and Ca2+ 
9.60 ± 0.12 μM. The parameters of the water were analyzed using 
a multiparameter analyzer (CONSORT bvba), while the dissolved 
ions (Na+, K+ and Ca2+) were quantified by flame photometry 
using the Digimed DM-62 photometer. The experiments were 
conducted following CONCEA/MCTI regulations and approved 
by the Ethics Committee on Animal Use of the Federal University 
of Amazonas (CEUA/UFAM, No. 011/2014).

Melanophore Index (MI) as a measure of dispersion 
of melanosomes

The MI was used as a measure to evaluate the physiological 
changes in cardinal tetra tegument color. At the end of each time 
interval, the fish were immediately euthanized in 0.5 mg L-1 
benzocaine (Sigma-Aldrich) and fresh skin samples were carefully 
dissected under stereomicroscope. Samples of the tegument were 
removed and the digital images of stripes (melanic, neon and red) 
were immediately captured in a stereomicroscope with a coupled 
video camera (Leica EZ4D). The MI was used as a measure of 
the rate of change of coloration of the skin. A subjective category 
scale proposed by HOGBEN and SLOME (1931) was used. 
A score of 1 (MI=1) was assigned when the melanosomes are 
completely aggregated and MI=5 when completely dispersed. 
Additionally, the score MI=6 was used for the cases of highly 
dispersed melanosomes, according to NILSSON (2000). Some skin 
tissues were fixed in Karnovsky solution (0.5% glutaraldehyde, 
5% formaldehyde, 10% acetic acid) and post-fixed in ethanol 
70%. The samples were embedded in methacrylate resin and 
cross-sections of 3 µm were stained with 0.12% toluidine blue 
and observed under a light microscope.

Determination of chromatophore density
The changes in the number of chromatophores (melanophores 

and erythrophores) in the stripes (melanic, neon and red) were used 
as indicators of morphological change in skin color. Quantification 
of pigment cell types was performed with the aid of ImageJ image 

analysis software (www.imageJ.nih.gov/ij). The  images were 
calibrated, and the cells quantified in a quadrant with known 
area in square millimeters. Quantifications were performed in 
10 random quadrants in each stripe: melanic, neon and red. 
The density of the chromatophores was expressed as the mean 
number of chromatophores mm-2 in each color stripe.

Statistical analysis
Data are presented as mean ± standard error of the mean and tested 

for normality (Kolmogorov-Smirnov test). For the parametric tests, 
the data were log10-transformed. To test if there was interaction 
between the exposure times and the different luminous intensities, 
a two-way analysis of variance (ANOVA) was used. To identify 
which groups were statistically different from each other, Tukey’s 
test for multiple comparisons (with Bonferroni correction) was 
used. The accepted level of significance was 5%.

RESULTS

Morphological organization of chromatophores
Laterally, the coloration of the cardinal tetra is characterized by 

a blue (neon) medial stripe that separates a superior melanic region 
from a reddish lower region (Figure 2a). In the melanic stripe 
(dorsal side), melanophores were the only pigment cells observed 
(121.5 ± 6.6 chromatophores mm-2) in fish kept in low to moderate 

Figure 2. (a) The typical colored stripes of the cardinal tetra: 
melanic (dorsal), neon (medial) and red (latero-ventral); 
(b) Types of melanophores with melanosomes of dark brown 
color (dark  arrow) and yellowish brown (dark arrow head). 
In detail, dendritic branching full of dispersed melanosomes are 
observed (white arrow head); (c) Erythrophores with dispersed 
erythrosomes. The scales represent: (a) 2,000 μm; (b) 5 μm; and 
(c) 200 μm (50 μm in the erythrophore detail).
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light (250 to 500 lux). In this dorsal stripe, melanophores containing 
melanosomes with yellowish-brown pigmentation were found, 
whereas dark brown chromatophores were commonly observed 
in the neon stripe (Figure 2b). Under low to moderate luminosity, 
melanophores of the dorsal stripe present dispersed melanosomes, 
characterizing a dendritic morphological pattern. In the iridescent 
neon stripe, a high density of dark brown melanophores was 
observed (190.4 ± 4.5 chromatophores mm-2). In the red stripe, 
only low-density erythrophores (41.2 ± 1.5 chromatophores mm-2) 
were observed. These cells are found isolated or aggregated to 
form isogenic groups of 2 to 5 sparsely distributed erythrophores 
(Figure 2c). Iridophores are observed only in histological preparations 
and are closely associated with melanophores (Figure 3).

Effect of luminosity on the Melanophore Index (MI)
The distribution of melanosomes within melanophores was 

significantly influenced by ambient light intensity. At high 
luminous intensity levels, melanosomes were more aggregated 
within melanophores. This pattern was observed in the melanic 
(Figure  4a) and neon (Figure  4b) stripes. Likewise, the same 
effect was observed on the melanophores that are located at the 
interface between the neon and red stripes (Figure 4c). Under low 
light environment (0 and 250 lux), the MI was between 4 and 5. 
However, under intense luminosity, the melanosomes were little 
dispersed with MI ranging from 3 to 4. As expected, the melanosomes 
began to disperse within the melanophores when the fish were kept 
in the dark (0 lux) for up to 72 hours. After 4 days in complete 
darkness, the MI ~5 coincided with the intense iridescent blue 
color highlighted by the even darker tone of the melanic stripe.

Effect of luminosity on the chromatophore density
Regardless of the level of brightness, no changes in chromatophores 

densities were observed in the first minutes of exposure. However, 
from 12 hours of exposure, there is a significant reduction (P < 0.05) 

in melanophores density, especially in the high levels of luminosity 
(500 to 2,700 lux) in the melanic (Figure 5) and neon (Figure 6) 
stripes. In contrast, there was a proliferation of erythrophores in 
the red stripe as light intensity increased (Figure 7).

Figure 3. Representative vertical section of the skin of the cardinal 
tetra. The melanophores (black arrowhead) are observed in 
association with the iridophores (white arrowhead). ep = epithelium; 
mf = muscle fiber. Scale = 20 μm.

Figure 4. Melanosome dispersion index within the melanophore 
(Melanophore Index, MI) observed in the (a) upper melanic stripe; 
(b) neon iridescent stripe; and (c) at the interface between the neon and 
red stripes of the cardinals’ tegument submitted to different levels of 
luminosity (0 to 2,700 lux). MI = 6 corresponds to the melanophores 
with completely dispersed melanosomes and MI = 1 corresponds to 
completely aggregated. Different letters over the bars indicate significant 
statistical difference (N = 8, P < 0.05, Tukey’s test).

a

b

c
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DISCUSSION

The structural arrangement of chromatophores
In the skin of the cardinal tetra (Paracheirodon axelrodi) the 

melanophores constitute a monolayer of pigmentary cells located 
just below the basal layer of the stratified epithelium in the melanic 
(dark) stripe. As in other fish, melanophores have the dendritic form 
with the cytoplasm replete with melanin-containing melanosomes 
(FUJII, 1993; OSHIMA, 2001; TAKAHASHI  et  al., 2014). 
In the melanic stripe of cardinal tetra, yellowish-brown (dorsally 
localized) melanophores are visibly observed, while those of a 
dark brown color are found in the iridescent neon stripe. The color 
of the melanophores depends on the content and type of melanin 
present in the melanosomes (MÄTHGER et al., 2003; LIGON 
and MCCARTNEY, 2016; REZENDE et al., 2018). Although 
different types of melanin exist: neuromelanin, allomelanin, 
pheomelanin and eumelanin (ITO and WAKAMATSU, 2003). 
Pheomelanin was believed to be produced only by mammals 
and birds. However, it has been reported that the tortoise 
species, Eurotestudo cheettgeri also synthesizes pheomelanin 
(ROULIN et al., 2013). It has not yet been demonstrated whether 
fish have the ability to synthesize pheomelanin. Therefore, we 
suggest that the yellow-brown coloration of the melanophores 
found in the tetra cardinal melanic stripe is due to a variation in 
the amount of eumelanin. The arrangement and disposition of 
the dark brown melanophores as well as the iridophores form 
the iridescent neon stripe on the cardinal. Iridophores tend to 

Figure 5. Effects of light intensity on the chromatophores densities 
located in the melanic stripe of cardinal tetra at different time 
intervals (a = 0, b = 12 h, c = 24 h, d = 72 h) and exposed to 
different light intensities. Different letters over the bars indicate 
significant statistical difference (N = 8, P < 0.05, Tukey’s test).

Figure 6. Density changes in melanophores in the neon stripe 
of the cardinal tetra at different time intervals (a = 0, b = 12 h, 
c = 24 h, d = 72 h) and exposed to different light intensities. 
Different letters over the bars indicate a significant statistical 
difference (N = 8, P < 0.05, Tukey’s test).

Figure 7. Changes in chromatophores densities located in the 
red stripe of the cardinal tetra at different time intervals (a = 0, 
b = 12 h, c = 24 h, d = 72 h) and submitted to different levels of 
luminosity. Different letters over the bars indicate a significant 
statistical difference (N = 8, P < 0.05, Tukey’s test).



EXCESSIVE LUMINOSITY FADES…

LINHARES et al. Bol. Inst. Pesca 2018, 44(4): e319. DOI: 10.20950/1678-2305.2018.44.4.319 6/8

be located in the upper layer of melanophores, but still within 
the dermal chromatophore unit (AMIRI and SHAHEEN, 2012). 
In many species, this organization is structured as: an outermost 
layer consisting of xanthophores and/or erythrophores, a layer of 
iridophores, superimposed by a third layer formed by melanophores 
(SIVKA et al., 2012). This same pattern of organization could 
be observed within the limits of the neon and red stripes in the 
skin of the cardinal.

Physiological change of color
Cardinal tetra maintained under low to moderate light conditions 

(250 to 500 lux) has melanosomes with dispersed melanosomes, 
with an MI index value (a measure of the degree of dispersion of the 
melanosomes within the melanophores) varying between 4 and 5. 
On the other hand, under intense light (1,200 to 2,700 lux) the 
melanosomes are more aggregated with an index between 3 and 4. 
In addition, if fish remained in the dark environment the value 
of MI increased. Fish with dispersed melanosomes become quite 
colorful (OLIVEIRA and FRANCO-BELUSSI, 2012; KELLEY 
and DAVIES, 2016). In fact, when the cardinal was held under 
such conditions for 72 hours, the coloring of the side stripes 
became even more intense. TAKAHASHI et al. (2014) describe 
two states of distribution of the melanin granules: the aggregate, 
due to the centripetal movement, while the dispersed is the result 
of the centrifugal movement. The skin color of the fish may change 
on a short time scale. This is due to the reflective changes of the 
iridophores as well as to the aggregation and dispersion patterns 
of the chromatosomes inside the chromatophores (NERY and 
CASTRUCCI, 1997). For example, small changes in the thickness 
of the cytoplasmic layers between the guanine plates also alter 
the reflection of the iridophores present in the iridescent blue 
strip of the neon tetra, Paracheirodon innesi (CLOTHIER and 
LYTHGOE, 1987). More recently, YOSHIOKA  et  al. (2011) 
proposed a model based on the “Venetian blind”, in which the 
angle of the guanine lamellae is controlled by filaments associated 
with motor proteins that move on the microtubules. With this, 
the fish changes from blue-green during the day to a blue-violet 
color at night. According to LYTHGOE and SHAND (1982), 
the blue-green to blue-violet transition occurs between 25 and 
35 minutes. Considering the close phylogenetic relationship 
between cardinal and neon tetra, this same mechanism may 
explain the iridescent coloration of the neon stripe as well as the 
rapid changes in tegument color during the transition from light 
to dark environment and vice-versa.

Morphological change of color
The tegument of the cardinal tetra becomes pale with increasing 

light intensity. As the luminosity increases, there was a gradual 
reduction in the melanophores density both in the dark and 
neon stripes. Under intense light, the reduction of the number of 
melanophores allows the light to be reflected by the iridophore 
plates located in the stratum laxum of the cardinal tegument 
(MÄTHGER et al., 2003; KALETA, 2009; AMIRI and SHAHEEN, 
2012). Thus, the low density of melanophores does not allow the 
same light to form the typical cardinal color pattern, although the 
lamellae of guanine crystals within the iridophores can alter their 

angles. In contrast, the red stripe becomes more intense in response 
to the increase in brightness level. This was due to the increase in 
erythrophore density. It has been suggested that the bright strip of 
the neon tetra (P. innesi) is used for social recognition or signaling 
during periods of higher luminous intensity (CLOTHIER and 
LYTHGOE, 1987; HIROSHI et al., 1990). According to these 
authors, at night, the neon stripe becomes blue-violet, while the 
ventral region becomes pale and this helps camouflage the fish 
under these conditions.

The possible ecological significance
The countershading is a color pattern observed in both predators 

and pelagic prey, where the dorsal surface is darker (melanic) and 
ventral is clearer (RUXTON et al., 2004). It has been suggested 
that this pattern of pigmentation helps to counterbalance the 
distribution of light on the body (STEVENS and MERILAITA, 
2009). Recently KELLEY et al. (2017) have demonstrated that 
aquatic prey uses the counter-shade to camouflage themselves 
in the environmental landscape. Thus, the paleness of the dark 
and neon stripes, associated with the intense reddish tone of the 
ventral stripe helps to camouflage the cardinal in the black waters 
of the Rio Negro basin, especially during the hours of sunshine. 
We suggest that the ventral reddish tint and the pale blue-iridescent 
tint of the tegument keep this fish camouflaged before the slightly 
reddish landscape at the bottom of the rivers and streams of black 
water. This can be even more noticeable during the months of 
greater sunshine (between July and November). In the Rio Negro 
basin, the period of intense solar radiation coincides with the 
receding of the rivers (GOULDING, 1980). With the reduction 
of the water volume, the physical spaces available as habitats are 
also reduced, consequentially increasing the rate of competition 
and predation (MÉRONA and RANKIN-DE-MERONA, 2004). 
Thus, the paleness and reddish tint in the brightest hours makes the 
cardinal less vulnerable to the attacks of potential visual predators. 
However, controlled experiments in the natural environment may 
help to understand the ecological significance of the change in 
coloration on the cardinal skin induced by light.

CONCLUSIONS

Cardinal skin reveals the presence of a chromatophore 
unit located below the epithelial layer. The dark dorsal stripe 
consisted exclusively of melanophores. The neon stripe had 
melanophores associated with iridophores, while the red stripe 
had only erythrophores. Specimens kept in the dark displayed 
melanophores with dispersed melanosomes and higher density 
of melanophores in the tegument. On the other hand, excessive 
light promotes the aggregation of melanosomes and leads to a 
decrease in the density of melanophores in the dark and neon 
stripes. However, excessive brightness resulted in proliferation 
of erythrophores in the red stripe. Finally, fish kept in low-light 
environments had a vibrant neon color, while those kept under 
intense light became pale. We suggest that such morphological 
changes in the coloration of the skin of this species may be 
associated with camouflage tactics in the natural environment.
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