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Unraveling the ambiguities
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The global marine ornamental fish trade is dominated by wild collected fishes,
and the contribution from hatchery production is less than 10% of the total.
Hatchery production is considered to be the only long-term sustainable option
to reduce the fishing pressure on the wild population and also to safeguard the
delicate coral reef ecosystem, which houses most of the marine ornamental
species. Among the hatchery-produced fishes that are being traded, clown
fishes form a dominant group, and a recent addition to this list is the designer
clown fishes, which are costlier than other clown fishes due to their rare and
attractive color patterns. However, ambiguities about designer clown fish such
as its production (wild caught, captive bred, or genetically modified) and
taxonomic identity still exist among the general public and hobbyists, as
scientific reports on these aspects have not yet been published, even though
few aquaculture companies display the photos of designer clown fishes in their
websites. The common names for designer clown fishes (such as Platinum,
Picasso, and snowflake) have been given by the aquaculture companies/traders
solely based on the color patterns or designs on the fish body. The paper
describes in detail the production of designer clown fish through captive
breeding, followed by elucidating the taxonomic identity of two easily
distinguishable designer clown fishes, viz., Picasso and Platinum. Both
classical taxonomic tools and molecular methods were employed to
elucidate the taxonomic identity. The morpho-merisitic characteristics of
Picasso and Platinum were similar to those of Amphiprion percula. The
partial cytochrome c-oxidase subunit | (COI) sequences of Picasso and
Platinum clown fishes were submitted to the National Center for
Biotechnology Information (NCBI) GenBank with accession numbers
MT947238 and MT947239, respectively, which had maximum similarity to
sequences of A. percula already deposited in the NCBI GenBank. The
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designer clown fishes exhibited protandrous hermaphroditism with
monogamous mating behavior. Their egg incubation period ranged from 7 to
8 days, and the larval rearing was carried out with live feeds such as rotifers and
Artemia under the greenwater technique using microalgae, Nannochloropsis
oculata. This paper can thus unravel the ambiguities related to the production
of designer clown fishes as well as their taxonomy.
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Picasso, Platinum

Introduction

Aquarium keeping is one of the most favorite hobbies of the
world that have witnessed remarkable changes over the years,
which led to the growth of the global ornamental fish trade as a
multibillion-dollar industry. The value of the global ornamental
fish trade is approximately US$15-30 billion (INFOFISH, 2021),
which comprises both freshwater and marine ornamental
species. The bulk of the trade is contributed by the freshwater
species, whereas most of the marine ornamentals command a
higher unit price over their freshwater counterparts.
Furthermore, wild collected fishes continue to dominate the
marine ornamental fish trade where the contribution from
hatchery production is minimal (less than 10% of the total).
Therefore, hatchery production is considered to be the only
long-term sustainable option for the trade so as to reduce the
fishing pressure on the wild population and also to protect the

delicate coral reef ecosystem from where most of the marine
ornamentals are caught.

Among the hatchery-produced marine ornamental fishes
that are being traded, clown fishes form a dominant group,
which comprises varieties such as percula or orange clown
(Amphiprion percula), tomato clown (Amphiprion frenatus),
false percula/ocellaris clown (Amphiprion ocellaris), skunk
clown (Amphiprion periderion, Amphiprion akallopisosis, and
Amphiprion sandaracinos), and maroon clown (Premnas
biaculeatus). A recent addition to this list is the designer
clown fishes, which are more costly than other clown fishes
due to their rare and attractive color patterns (Figure 1). As
rightly pointed out by Ricardo Calado (2017), we have entered
an era of designer clown fishes, but there exist some ambiguities
or apprehensions among the hobbyists and general public as
regards the production of designer clown fishes, viz., whether
these are wild caught, hatchery produced, or genetically

FIGURE 1
Designer clown fishes.
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modified. There have also been reports that these are genetically
modified and hence their trade should not be promoted.
Nevertheless, many of the leading aquaculture companies such
as ORA—Ocean Reef & Aquarium (https://www.orafarm.com),
S&R—Sea and Reef Aquaculture (https://www.seaandreef.com),
and Proaquatix (https://www.proaquatix.com), display various
types of designer clown fish in their websites. These aquaculture
companies have produced many such color variations or
mutations, and presently approximately 40 different color
patterns are available in the trade with different names (Klann
et al., 2021).

The common names/trade names assigned are sometimes
specific to the company, and many times, the exact
distinguishing characteristics of each variety are confusing or
highly subjective. The common names used for different types of
designer clown fishes in the trade include Platinum, Picasso,
snowflake, snowbrite, and gladiator. An interesting fact is that
these common names have been given by the traders or breeders
solely based on the color patterns or designs on the fish body
without taking into account the conventional taxonomic indices
like morphometric or meristic characteristics. These common
names keep changing when a new variety with a different color
pattern is produced through cross-breeding or selective
breeding. We carried out a literature survey to check for any
scientific studies or reports on the captive breeding of designer
clown fishes and the taxonomic identity of designer clown fishes,
which did not yield any authentic publications. It was under
these circumstances that the present study was undertaken with
the following two objectives:

i. to elucidate the ambiguity with regard to the taxonomic
identity of designer clown fishes Picasso and Platinum,
which have easily distinguishable color patterns on the
body and

ii. to standardize the captive breeding and seed production
of designer clown fishes and publish the same for the
benefit of all stakeholders of the marine ornamental fish

10.3389/fmars.2022.907362

trade so that the misconceptions about the production of
designer clown fishes can be clarified.

Material and methods
Broodstock development and breeding

Sub adults of designer clown fishes (3-4-cm length)
procured from commercial outlets (a total of 50 fishes) were
reared in fiber-reinforced plastic (FRP) tanks (2,000-L capacity)
filled with clean and filtered seawater of 32-35 ppt salinity. They
were fed to satiation with formulated pellet feed (Cadalmin-
Varna' ) with 38% protein, 9% fat, 39% carbohydrates, 7% ash,
and less than 2% fiber. Every day in the morning, settled fecal
matter and feed were removed by bottom siphoning after which
complete water was exchanged daily. Adequate dissolved oxygen
(4-5 ppm) in the rearing water was maintained by providing
vigorous aeration. The fishes were grown to adult size (6-8 cm)
after which they were transferred to breeding tanks.

The broodstock of the fishes has to be maintained at optimum
water quality conditions free from pathogenic organisms in order
to condition them for breeding. The natural reef conditions were
simulated to make the fishes feel at home, which has been found to
trigger their hormonal pathways for induction of spawning and
egglaying. Hence, compatible pairs were selected from the adult
fishes and were then introduced into glass tanks of 150-L capacity
in such a way that only one pair was maintained in one tank. All
the glass tanks were connected to a recirculating aquaculture
system (RAS) as shown in Figures 2, 3. Lighting was provided by
installing compact fluorescent lamp (CFL) bulbs of suitable
wattage above each tank, which could be controlled by a timer
to maintain the optimum photoperiod. Adequate aeration was
maintained in the tanks with the help of a blower of sufficient
capacity and aeration lines.

As the designer clown fishes are substratum spawners,
ceramic tiles or earthen pots were provided to facilitate the egg
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FIGURE 2

Schematic diagram of recirculating aquaculture system (RAS) for broodstock maintenance of designer clown fish
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FIGURE 3

deposition. The male fertilized the eggs by its milt. The cylindrical
eggs were found attached to the substratum at one end. The
average number of eggs per clutch varied from 300 to 1,200 during
the seed production trials. The color of freshly laid eggs was bright
yellow (Figure 4), which finally became brownish black (Figure 5),
and the eyes of the embryo could be clearly seen (Figure 6). The
eggs hatched out after a period of 7 to 8 days, during which
parental care was exhibited mostly by the male and occasionally
by the female also (Figure 7). The parents were seen fanning the

Recirculating aquaculture system (RAS) for broodstock maintenance of designer clown fish.

eggs, cleaning the area of any dirt or fungus, and removing
dead eggs.

Hatching of eggs

The eggs laid on the substratum were transferred carefully to
hatching tanks on the day of hatching without taking the tile out
of water. The hatching occurred in the evening hours after

FIGURE 4
Freshly laid eggs of designer clown fish.
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FIGURE 5
Eggs of designer clown fish on eighth day.

sunset. The ceramic tiles with the eggs were kept for hatching
with mild aeration near the eggs.

Larval rearing

The larvae hatched out in the evening hours after sunset
and were fed on rotifers (Brachionus rotundiformis and
Brachionus plicatilis) and copepod nauplii (Parvocalanus
crassirostris) during the initial days followed by Artemia
nauplii from 12 days post-hatch (DPH) onwards by
following the green water technique wherein microalgae
(Nannochloropsis occulata) were maintained at a cell density
of 1 x 10° cells/ml. Weaning to a formulated feed of 0.5-mm
size (VarnaTM, ICAR-CMFRI) started from 18 DPH onwards.
The pellet size of the formulated feed was gradually increased

Frontiers in Marine Science
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from 0.5 to 0.75 mm and then to 1 mm, in line with the growth
of the juveniles. The juveniles were further grown to a size of
approximately 2- to 3-cm length so that the color patterns of
each variety become expressed phenotypically. The
photograph of larvae at different stages of growth is shown
in Figures 8, 9. The detailed protocol for larval rearing is given
in Table 1.

Taxonomy of designer clown fishes
Conventional taxonomy
The designer clown fishes are given various names by the

traders or breeders based on the phenotypical differences
mostly differentiated by the color patterns, which become

frontiersin.org
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FIGURE 6
Eggs of designer clown fish (eighth day) showing embryo inside.

highly subjective in certain cases if there is very little difference
in the color pattern between two varieties. Hence, in the
present study, two varieties with highly distinctive color
patterns (Picasso and Platinum) were selected so as to avoid
any errors due to subjectivity. In the case of Picasso, the three
white bands on the lateral side of the body do not maintain a
clear banding pattern, and in most cases, the middle band
expands and becomes joined with the band on the posterior
side. In the case of Platinum, the body surface is completely
white except for the fins, which may be either orange or black.
The photograph of Picasso, Platinum, and percula clown is
depicted in Figure 10. The representative samples from these
two varieties were subjected to taxonomic studies. The
conventional taxonomic tools, viz., morphometric and
meristic characteristics, were recorded for both selected
varieties of designer clown fishes, viz., Picasso and Platinum.
The length measurements were carried out using a 30-cm-long
plastic scale with an accuracy of 1 mm and also by using a
digital Vernier caliper. The fin rays were counted under an
inverted Stereo Zoom microscope (Carl Zeiss,
Oberkochen, Germany).

Molecular taxonomy

The representative fin samples from the selected two varieties,
Picasso and Platinum, were subjected to studies based on molecular
tools. Total genomic DNA was isolated from the fin samples by the
phenol/chloroform method. The cytochrome c-oxidase subunit I
(COI) gene was amplified using universal primers FishF1-5'-
TCAACCAACCACAAAGACATTGGCAC-3" and FishR1-5'-
TAGACTTCTGGG TGGCCAAAGAATCA-3’ (Ward et al,
2005) in a 50-pl reaction volume with 50-100 ng template DNA,

Frontiers in Marine Science
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10 pmol of each specific primer, 0.2 mM of each ANTP, 0.75 units
of Taq DNA polymerase, and 1x Taq buffer containing 1.5 mM of
MgCl,. The PCR conditions were initial denaturation at 94°C for
3 min, followed by 35 cycles of 40 s at 94°C, 40 s at 54°C, 1 min at
72°C, and final extension at 72°C for 10 min. The PCR products
were visualized on 1.5% agarose gel, and the amplicons were
purified by a gel extraction kit (Genei, Bangalore, India) following
the manufacturer’s protocol. The purified products were sequenced
by Agrigenome Pvt. Ltd,, Kochi, India. The COI partial gene
sequences obtained were end-trimmed by b FinchTV to avoid
sequencing errors. The sequence was blasted in the National Center
for Biotechnology Information (NCBI) BLAST for sequence
similarity and submitted to the NCBI GenBank. The phylogenetic
tree was constructed by the maximum likelihood method using
MEGA X.

Results
Breeding and seed production

The designer clown fishes exhibited a reproductive
behavior similar to that of other members of the subfamily
Amphiprioninae. Female was bigger in size than male, and
monogamous pairs started laying eggs in a similar fashion to
those of other clown fishes. The eggs were cylindrical in shape,
and the incubation period ranged from 7 to 8 days. The average
number of eggs per clutch varied from 300 to 1,200. Larvae
were fed on live feeds such as rotifers and Artemia nauplii
initially and later on weaned to formulated pellet feed. The
survival rate from newly hatched larvae to juveniles ranged
from 40% to 50%. A remarkable observation during the captive

frontiersin.org
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FIGURE 7

Designer clownfish brooders with eggs deposited on ceramic tiles (brown patch).

breeding was that a uniform phenotypic characteristic or color
pattern was not present among the progeny produced from a
pair of designer clown fish. The progeny is comprised of a
mixture of various types of designer clown fishes in contrast to
the case of other clown fishes such as percula or maroon
clowns. For example, the progeny produced from a pair of
percula clown fish would be all percula only, and that from a
pair of tomato clown fish would be all tomato clown fish,
whereas in the case of designer clown fish, the progeny from a
pair of Picasso consisted of different types such as Picasso,
Platinum, and snowflake. Furthermore, the distinguishing
characteristics or color patterns in the designer clown fish
become clearly visible after a period of about 2 months from
hatching. The observations about the phenotype variations in
the progeny produced from designer clown fish breeding have
been recorded by us over a period of two years.

Frontiers in Marine Science

07

Taxonomic identity of designer
clown fish

The taxonomic ambiguity was elucidated through both
molecular methods and conventional taxonomic tools. The
partial COI sequence of Picasso clown fish was submitted to
the NCBI GenBank with the accession number MT947238.
BLAST results indicated that the partial COI sequence of
Picasso clown fish had 100% query coverage and 99.85%
identity with sequences of A. percula already deposited in the
NCBI GenBank. The partial COI sequence of Platinum clown
fish was submitted to the NCBI GenBank with the accession
number MT947239. BLAST results showed that the partial COI
sequence of Platinum clown fish had 100% query coverage and
100% identity with sequences of A. percula already deposited in
the NCBI GenBank. A phylogenetic tree was constructed using

frontiersin.org


https://doi.org/10.3389/fmars.2022.907362
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Anikuttan et al. 10.3389/fmars.2022.907362

. e

) e S
12 DPH larva

FIGURE 8

Different larval stages of designer clown fish.

Picasso juvenile (2 month old) Platinum juvenile (2 month old)

FIGURE 9
Juveniles of designer clown fishes.

the maximum likelihood method in MEGA X (Figure 11). neighbor-joining methods. The tree was rooted in the COI
Similar tree topologies were obtained when the phylogenetic sequence of Dascyllus aruanus.

analysis was conducted using maximum parsimony, unweighted The molecular study revealed that both designer clown fishes
pair group method with arithmetic mean (UPGMA), and had maximum similarity to A. percula. Hence, the conventional
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TABLE 1 Protocol for larval rearing of designer clown fish.

10.3389/fmars.2022.907362

DPH Live feeds given Density
1-12 Rotifers (Brachionus rotundiformis, Brachionus plicatilis) 15-20 nos/ml
Copepods (Parvocalanus crassirostris) 3-5/ml
Microalgae (Nannochloropsis occulata) 1 x 10° cells/ml
13-18 Rotifers (Brachionus rotundiformis, B. plicatilis) 15-20 nos/ml
Artemia nauplii 2-3/ml
Microalgae (N. occulata) 1 x 10° cells/ml
19-30 Artemia nauplii 2-3/ml
Weaning with formulated feed of 0.5-mm particle size Up to satiation
31 onwards Formulated feed of bigger particle size as per the growth (0.75 mm, 1 mm, etc.) 10% of body weight; 4 times a day
FIGURE 10
Designer clown fishes Picasso and Platinum along with percula clown fish.

taxonomy was also carried out to reaffirm the identity of
designer clowns. The morphometric and meristic
characteristics of both Picasso and Platinum were recorded
and then compared with those of A. percula specimens
maintained in our hatchery along with the published data in
FishBase (fishbase.org)"”>. The comparative analysis of
morphometric and meristic characteristics is given in Table 2.

Discussion
Breeding and seed production

The members of the family Pomacentridae show different
types of mating behaviors and reproductive strategies (Tang

1 https://fishbase.in/physiology/MorphDataSummary.php?

genusname=Amphiprion&speciesname=percula&autoctr=5681

2 https://fishbase.in/physiology/MorphMetSummaryV2.php?picname=
Amper_uf.jpg&genusname =Amphiprion&speciesname=percula&id=
9209
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et al,, 2021). The anemone fishes belonging to the subfamily
Amphiprioninae under Pomacentridae are monogamous
protandrous hermaphrodites (Fricke and Fricke, 1977; Fricke,
1979). They are oviparous in nature laying adhesive eggs on a
substrate and display varying levels of parental care by either the
male alone or both the parents (Breder and Rosen, 1966;
Robertson, 1973; Blumer, 1979; Blumer, 1982). The
reproductive strategy involves laying adhesive eggs by the
female on a substratum, which will be fertilized externally by
the male. The incubation period ranges from 7 to 8 days.
Parental care (viz., fanning the eggs, cleaning the debris,
removing dead, or weak eggs) is exhibited mostly by the male,
but the female also joins the male sometimes.

In the case of designer clown fish also, the captive breeding
technique followed was similar to that in other clown fishes, such
as monogamous pairing and mating. The incubation period,
hatching, and larval rearing methodologies were also similar to
those of general clown fish breeding. However, the progeny
produced from a single pair comprised of a mixture of various
types of designer clown fishes. For example, from a pair of
Picasso clown fish, the progeny would consist of Picasso,
Platinum, snowflake, etc. We have studied the proportion of

frontiersin.org
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Dascyllus aruanus

1T

Maximum likelihood phylogenetic tree constructed using cytochrome c-oxidase subunit | (COI) sequences of designer clown fishes.

each variety in the progeny over a period of 2 years from
different sets of parents, which will be published later.

Taxonomy of designer clown fishes

Basically, among the subfamily Amphiprioninae
(anemonefishes) comprising 30 species with two genera
Amphiprion and Premnas (Roux et al., 2020), the interspecific
variation is manifested mainly in the form of a number of white
bars as well as in coloration of body and fins (Litsios and
Salamin, 2014; Rolland et al., 2018; Salis et al., 2018). The
designer clown fishes have not been described in earlier
literature on clown fish systematics, since these were added to
the trade in the recent past only. The conventional interspecific
distinguishing characteristics described above cannot be applied
in the case of designer clown fishes because of the presence of
various types of body color patterns.

The analysis of morphometric and meristic characteristics
shows that both Picasso clown fish and Platinum clown fish have
similarities with A. percula in terms of the characteristics
studied. Phenotypically, the designer clown fish differ from A.
percula in terms of color and banding patterns. The typical
banding pattern of A. percula, viz., three vertical white bands on
the lateral body surface, is absent in designer clown fishes.
Instead, they have rare and attractive banding patterns.

Body coloration or pigmentation is important for every animal
either as a survival strategy (Klann et al., 2021) or for protection
from UV radiation, reproductive success, or social interactions
(Kelley et al,, 2013; Dale et al., 2015; Marshall, 2000). The skin
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pigmentation in fish depends on the distribution of pigment cells
called chromatophores, and the major teleost chromatophores are
Melanophores, Xanthophores/Erythrophores, Iridophores, and
Leucophores. During embryonic development, the
chromatophore precursor/progenitor cells are established, which
later on help to develop the color pattern in larvae or adults (Klann
et al, 2021). Budi et al. (2011) have reported that in zebrafish
(Danio rerio), there are two distinct precursors of chromatophores,
one for melanophores and one for melano and iridophores,
whereas in Medaka (Oryzias latipes), the xanthophore precursor
is multipotent, capable of producing either xanthophores or closely
related leucophores (Nagao et al.,, 2014). The studies on zebrafish
and Medaka (as model fish) have helped to increase our knowledge
of the color pattern formation in fishes. Among other new model
fishes identified, the anemone fishes offer immense scope for
research on color pattern formation (Roux et al, 2020; Salis
et al, 2019). However, the anemone fishes are relatively new
model organisms, and hence, scientific studies on the color
variants or mutants have not yet been performed, even though
many variants are available, which might have been produced from
rare color variants captured from the wild and then by captive
breeding (Klann et al., 2021).

Studies on the color patterns in anemone fishes are scanty.
Salis et al. (2021) have demonstrated that in A. percula and A.
ocellaris, the adult pigmentation pattern is controlled by thyroid
hormones, and the main target of the thyroid hormones is the
iridophores, responsible for white bar formation. In adult A.
ocellaris, the body color pattern is formed by three
chromatophore subtypes, viz., i) xanthophores interspersed
with round melanophores, giving the orange skin color; ii)

frontiersin.org
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TABLE 2 Morphometric and meristic characteristics of designer clown fishes (Picasso and Platinum) and Amphiprion percula.

10.3389/fmars.2022.907362

SI no. Characters A. percula A. percula Picasso Platinum
(data from fishbase.org) (fish maintainedin hatchery) n=>5 n=>5
n=>5
1 Body shape lateral Fusiform/normal Fusiform/normal Fusiform/normal Fusiform/normal
2 Dorsal head profile Clearly convex Clearly convex Clearly convex Clearly convex
3 Type of eyes More or less normal More or less normal More or less normal More or less normal
4 Type of mouth/snout More or less normal More or less normal More or less normal More or less normal
5 Position of mouth Terminal Terminal Terminal Terminal
6 Type of scales Ctenoid scales Ctenoid scales Ctenoid scales Ctenoid scales
7 Caudal fin shape More or less truncate More or less truncate More or less truncate More or less truncate
8 Lateral lines 1 1 1 1
9 Scales on lateral line 30-38 32-34 31-35 32-36
10 Dorsal fin spines 9-10 9 9 9
11 Dorsal fin soft rays 14-17 15-16 15-17 16-17
12 Anal fin spines 2 2 2 2
13 Anal fin soft rays 11-13 12-13 12 13
14 Pectoral fin spines 0 0 0 0
15 Pectoral fin soft rays 15-17 17 17 16
16 Standard length 71.60 77.75 83.47 83.70
(as % of total length)
17 Pre anal length 46.60 48.43 51.07 57.72
(as % of total length)
18 Pre dorsal length 25.00 23.70 2523 24.98
(as % of total length)
19 Pre pelvic length 25.70 24.17 27.16 26.99
(as % of total length)
20 Pre pectoral length 24.80 21.81 23.94 24.92
(as % of total length)
21 Body depth 31.40 33.84 31.66 31.59
(as % of total length)
22 Head length 23.50 24.44 24.55 23.39
(as % of total length)
23 Eye diameter 28.10 29.65 22.47 24.17
(as % of head length)
24 Pre orbital length 20.90 26.58 25.58 27.26

(as % of head length)

iridophores interspersed with stellar melanophores, giving the
white color; iii) dense round melanophores produce the black
color (Salis et al., 2019; Salis et al., 2019a; Salis et al., 2021). Klann
et al. (2021) have demonstrated that it is possible to change the
pattern of white bar formation in A. ocellaris by treating the
juveniles with a chemical agent, TAE 684, which is an inhibitor
of tyrosine kinase receptors alk and tlk, expressed in iridophores.
It was also seen that the general development and survival were
not affected by treatment with TAE 684. Thus, the possibility of
altering the original body color pattern by using such chemical
agents could be demonstrated. However, the mechanism behind
the body color pattern of designer clown fishes is still not
understood properly, and hence, further research efforts are
needed to understand the various chromatophore subtypes
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involved and the cues for their expression in the designer
clown fish.

The studies on altering the body color pattern of A. ocellaris,
as well as the production of designer clown fish, show that
external body color patterns cannot always be taken as a
characteristic for identifying the species of a particular
anemone fish. In the present study also, the scientific name of
designer clown fishes Picasso and Platinum were found to be A.
percula, whereas in body coloration patterns, they are entirely
different from A. percula. This can be compared to the case of
human beings, where Homo sapiens is the sole species name
whereas external appearance varies considerably from individual
to individual. This reaffirms the need for molecular tools to
identify species names in the marine ornamental fish trade.
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The commercial firms engaged in marine ornamental fish
trade may have more designer clown fish varieties. This includes
names such as gladiator, snowbrite, frostbite, snowstorm, black
storm, wyoming white clown fish, premium snowflake, black
snowflake, and black ice snowflake. These names are given solely
based on the variations in the external color patterns, which at
many times are highly subjective. It is also seen that certain
websites display scientific names along with the trade names
wherein either A. percula or A. ocellaris is given as the scientific
name of the designer clown fish variety displayed on their
website. However, the authenticity or scientific criteria for
assigning such scientific names could not be verified.

It is very difficult to distinguish between A. percula and A.
ocellaris (Tao et al., 2014) since both species look the same, and
only with careful observation could one make out the difference.
The morphological characteristics such as the number of dorsal
fin spines and soft rays, anal fin spines and soft rays, pectoral fin
soft rays, lateral line scales, and gill rakers are almost the same or
in overlapping range for both species. For example, in the case of
the number of dorsal fin spines, the range is 9-10 for A. percula
and 10-11 for A. ocellaris. Hence, if there are 10 dorsal fin spines
in a specimen, it becomes difficult to confirm whether it is A.
percula or A. ocellaris. The one distinguishing characteristic
normally used by breeders and traders is the difference in the
width of the black border for the white vertical bands on the
body surface. However, in the case of designer clown fish, this
characteristic cannot be used since the banding pattern will be
totally different. Hence, it will be difficult to assign a scientific
name solely based on morphometric or meristic characters.
Hence, molecular methods can also be used to elucidate such
ambiguities. In our study, we found that the two designer clown
fish varieties Picasso and Platinum showed maximum
resemblance to A. percula in a molecular study, which was
well supported by morpho-merisitic characteristics similar to
A. percula. This observation is in line with the findings of He
et al. (2020) describing the complete genome of Picasso clown
fish, where they opined that Picasso clown fish is a variant of
A. percula.

There have also been some misconceptions about designer
clown fishes that they are produced through genetic engineering,
and hence, its trade should not be encouraged. It has been reported
that designer clown fishes occur in the wild as in the case of
lightning maroon clown fish (Ricardo Calado, 2017). However, the
numbers in wild are much less when compared to normal clown
fishes. This may be because of predation, as the rare color patterns
make them stay isolated from their normal counterparts and
becomes more prone to attack by predators®. Nonetheless, with
the commencement of captive breeding of designer clown fishes

3 https://aquanerd.com/2010/06/misconceptions-about-designer-

fish.html
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especially by the aquaculture companies, dependence on wild
collections has decreased. However, the ambiguities about
designer clown fishes regarding their mode of production
(whether captive bred or genetically modified) and scientific
nomenclature still exists among the general public and hobbyists,
barring those who are closely associated with the trade. Hence,
more studies in this line for elucidating the taxonomy as well as
creating awareness about the captive breeding techniques of
designer clown fish are necessary to popularize this variety of
clown fish among consumers/hobbyists.

Conclusion

The global marine ornamental fish trade largely depends on
wild-caught fishes, which in the long run is not advisable from a
sustainability perspective; hence, captive breeding has been
promoted to address this issue. The significance of designer
clown fishes in the trade has been well established mainly due to
their rare and attractive color patterns, as the ornamental fish
trade is a variety-oriented one. The reproductive behavior of
designer clown fish is similar to that of other anemone fishes,
and the breeding technique has been developed because it is
widely available in the trade. Designer clown fish is a general
term that comprises different varieties known by different
common names in the trade such as Picasso, Platinum,
snowflake, snowbrite, and gladiator. These names are assigned
solely based on differences in their body color patterns, which
are highly subjective. In the present study, two clearly distinctive
varieties, Picasso and Platinum, were chosen, and the ambiguity
regarding their scientific name was elucidated through
molecular and conventional taxonomic methods. The study
revealed that both Picasso and Platinum have maximum
similarity to A. percula, and hence, they can be regarded as a
variant of A. percula. The findings of this study would help to
understand more clearly about designer clown fishes and would
also clarify the misconceptions about designer clown fish that
these are genetically modified organisms, because the term
designer clown fish is still not familiar to the general public,
and only those who are closely associated with the trade knows
about it. Thus, the false-negative propaganda about designer
clown fish should be resolved, which would help the marine
ornamental fish industry in the long run, as captive breeding and
seed production are the ultimate solutions to ensure sustainable
development of the trade.
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