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Abstract

The demand for freshwater ornamental fish as anti-stress pets and a source of livelihood had become popular
in Puerto Princesa City (PPC), Palawan during the surge of COVID-19. However, the occurrence of many health-
related issues become a major problem due to a lack of experience and knowledge of some fish owners
engaged in freshwater ornamental fish keeping and breeding methods. This study was conducted on 13 local
fish owners to determine the common diseases in freshwater ornamental fishes, affected species and their life
stages and the treatments and preventive measures. A total of 19 diseases were recorded infecting the
freshwater ornamental fishes in PPC. White-spot or ich disease was the most prominent disease, followed by
tail and fin rot. Juvenile and adult of goldfish (Carassius auratus), Siamese fighting fish (Betta splendens) and
guppy (Poecilla reticulata) were the most infected fishes, observed by 1 (7.7%) to 5 (38.5%) fish hobbyist. The
salt bath was the most common treatment applied. Measures to increase the awareness of local fish hobbyist
in terms of fish handling, breeding and health management is highly suggested to continuously improve and

expand this developing fishery in Palawan as a source of income and pet companion.
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1 | INTRODUCTION

Globally, freshwater ornamental fish is the largest sector
in the ornamental fish industry (Livengood and Chapman
2007; Muyot et al. 2019). Due to its numerous benefits
such as mental health and good social impact (Clements
et al. 2019) and source of income (Nanayakkara et al.
2021; Saba et al. 2021), there are millions of enthusiasts
engaged in this sector (Lipton 2006). According to Faruk
et al. (2012), the global trade is based on more than 4000
species of freshwater ornamental fishes. However, the
continuous global demand for freshwater ornamental fish
resulted in the depletion of its wild populations (Sanil and
Vijayan 2008). In recent years, 90% of freshwater orna-
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mental fishes involved in global trade were subjected to
intensive culture and breeding methods by many fresh-
water ornamental fish breeders (Sanil and Vijayan 2008;
Bassleer 2017). Unfortunately, many breeders lack expe-
rience and knowledge of proper breeding methods result-
ing in the occurrence of various diseases and health-
related problems (Rao et al. 2013; Magada and Mercy
2016; Bassleer 2017).

Like human diseases, fish diseases are also catego-
rised as infectious and non-infectious (Magada and Mercy
2016; Nair et al. 2020). Diseases under protozoan, parasit-
ic, bacterial, viral or fungal are categorised as infectious
diseases (Magada and Mercy 2016; Cardoso et al. 2019),
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while diseases due to environmental conditions, poor
nutrition and genetics are categorised as non-infectious
diseases (Sanil and Vijayan 2008; Magada and Mercy
2016). They are also categorised based on what part of
the fish they infect (Lipton 2006; Magada and Mercy
2016). Diseases infecting the external part of fish are
called external diseases and they are visible to the naked
eye even without laboratory equipment (Lipton 2006;
Miles 2019). Diseases that infect the internal part of fish
and are not visible to the naked eye are called internal
diseases (Roberts 2010; Cardoso et al. 2019; Miles 2019).
However, some diseases have unclear etiology or combi-
nations of pathogen infestation, environmental condi-
tions and genetics, and they are called multifactorial dis-
eases (Magada and Mercy 2016; Miles 2019). Some inter-
nal and multifactorial diseases have external symptoms
(e.g. bloat and spinal deformities) that can be detected by
the naked eyes only (Roberts 2010; Magada and Mercy
2016; Cardoso et al. 2019; Miles 2019). Many factors (e.g.
stressful environment, poor breeding conditions, inade-
guate transportation, stocking density and poor nutrition)
can weaken the immune system of fish making them sus-
ceptible to any disease attack (Watson and Shireman
2002; Magada and Mercy 2016; Bassleer 2017; Walczak et
al. 2017). Diseases can lead to a significant loss of invest-
ment and anxiety the fish owners (Magada and Mercy
2016), a breach of biosecurity of the ornamental fish in-
dustry (OATA 2006), as well as a risk to the health of fish
owners from zoonotic diseases (Cardoso et al. 2019).

Treatments employed in diseases of freshwater or-
namental fishes varied from the use of table salt, water
exchange and application of commercial drugs (Magada
and Mercy 2016; Cardoso et al. 2019). However, the lack
of knowledge and appropriate training on fish health
management of various fish owners resulted in the use of
treatment that can worsen the condition of fish and lead
to death of fish (Magada and Mercy 2016). Further, the
use of water treatments can be a threat to the health of
fish when not properly used and applied because most
water conditioner contains carcinogenic components,
(Sudova et al. 2007; Roberts-Sweeney 2016). Moreover,
improper handling of infected fish (e.g. improper disposal
of the diseased fish within the body of water) can cause
disease transmission which threatened the biosecurity of
the nearby aquatic environment (Miller-Morgan and
Heidel 2010).

In Puerto Princesa City, Palawan, ornamental fish
are slowly gaining popularity among small-scale produc-
ers; however, there is limited baseline information re-
garding this sector (Plasus et al. 2022). The local fish
owners in Palawan are promoting the production of local-
ly produced ornamental fish and venturing to improve the
quality of fish involved but these are being challenged by
the presence of diseases coupled with the lack of
knowledge in breeding methods and fish health manage-
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ment. Hence, this study investigated the health-related
problems of freshwater ornamental fish. The finding
would provide relevant information for the improvement
of this sector particularly the knowledge of fish owners
involved. Specifically, this study aimed to determine the
common diseases with external symptoms infecting the
freshwater ornamental fishes in Palawan, the species and
life stages of infected ornamental fishes and treatments
or preventive measures applied by the local fish owners in
Palawan.

2 | METHODOLOGY

2.1 Study area

The study was conducted in Puerto Princesa City, Pala-
wan, Philippines (Figure 1). The location was identified
with a high population of local fish owners engaged in
freshwater ornamental fish activities (Plasus et al. 2022).

2.2 Data collection and respondents
Since there was a restriction during the conduct of the
study due to the surge of the COVID-19 pandemic, the
data was gathered through an online survey using the
Google form questionnaire. The Google form had three
sections; first, the information (see Supplementary Infor-
mation) and photos of 39 various diseases with external
symptoms. These were extracted from various literature
that deals with diseases in freshwater ornamental fishes
(e.g. Lewbart 2001; Lipton 2006; llles 2007; Alderton
2008; Sanil and Vijayan 2008; Roberts et al. 2009; Roberts
2010; Sharma et al. 2012; Rao et al. 2013; Magada and
Mercy 2016; Cardoso et al. 2019; Miles 2019). Second,
information on the species and life stages of fishes infect-
ed by various diseases with external symptoms. Lastly,
the treatments and preventive measures employed by
the respondents in treating the diseases. Each section has
multiple choices answers for the respondents to select.
The Google form with consent form was posted on
17 January 2021 to a Facebook group named Palawan
Local Fish Hobbyists and Aquatic Plant Keepers and avail-
able until 23 January 2021. This group was purposively
selected as it is the only available social media group with
local fish owners in Palawan during the conduct of the
study with more than 70 members engaged in freshwater
ornamental fish activities in Puerto Princesa City. Howev-
er, only 13 respondents participated in the survey (Table
1). These respondents were composed of suppliers / pro-
ducers, hobbyists and pet shop owners. Most of the re-
spondents were in fish keeping for two years or more
(Table 1). Photos of diseases infecting the fish from vari-
ous respondents were also solicited whenever possible.

2.3 Data analysis
Data collected from Google forms were transferred and
analysed using Microsoft Excel for frequency and per-
centage analysis.
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FIGURE 1 Location of Puerto
Princesa City in the province
of Palawan, Philippines.
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TABLE 1 The demographic profile of all respondents from
Puerto Princesa City of Palawan participated in the online
survey. (n = 13; data presented as frequency (F) and per-
centage (%)).

Variable F (%)
Sex Male 7 (53.85)
Female 6 (46.15)
Age (year) 18-30 7 (53.85)
31-50 6 (46.15)
Civil status Single 8 (61.54)
Married 5(38.46)
Years in the 1 year 1(7.69)
ornamental 2 years 8 (61.54)
fishindustry 4 years 2 (15.38)
(experience) 19 years above 2 (15.38)
Source of sup- Local 9(69.23)
ply National 1(7.69)
Both 3(23.08)
Landing port  Airport 2 (15.38)
Seaport 0 (0.00)
Both 2 (15.38)
None (for local source fish) 9 (69.23)

3 | RESULTS AND DISCUSSION

3.1 Diseases with external symptoms

A total of 19 out of 39 diseases with external symptoms
were identified by 13 respondents infecting their fresh-
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water ornamental fishes (Figure 2). White spot disease or
Ich, a protozoan disease, was the most prevalent infecting
the fishes of all respondents (Figures 2 and 3). This was
followed by tail and fin rot, a bacterial disease, infecting
the fish of 11 respondents (Figure 2).

The presence of white spot disease or Ich in the fish
individuals of 13 respondents indicates that this particular
disease is common in ornamental fish. According to Rao
et al. (2013) and Miles (2019), ich is a common parasite in
fish that comes from the introduction of fish or plants
carrying the cysts of the parasite. In addition, Sanil and
Vijayan (2008) described the ich as a parasite with a lack
of host specificity; therefore, it can infect any fish species,
making it the most destructive fish parasite in ornamental
fishes. Aquarium fishes, in general, are susceptible to var-
ious diseases due to controlled environmental conditions
which were intensified by the hobbyist's lack of
knowledge in proper fish keeping which resulted in poor
water quality, high stocking densities, poor nutrition and
inferior breed quality (Rao et al. 2013; Magada and Mercy
2016; Cardosa et al. 2019). These conditions lead to a
subsequent weakening of immunity, deficiencies and
many health-related problems in fish that allows various
pathogens which are often a natural part of the environ-
ment to infect (Miles 2019). However, these health-
related problems could be controlled if the fish owners
have enough knowledge in employing standard fish-
keeping and management procedures (Magada and Mer-
cy 2016).
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FIGURE 3 Some of the diseases identified by four re-
spondents that infect their freshwater ornamental fish. A
and B, a goldfish and molly fish with suspected haemor-
rhagic septicemia or red bloch; C, a goldfish with suspect-
ed white-spot or ich; and D, a danio fish with suspected
spinal deformity. Photo credit: B. Nolie, LE Rodriguez, ME
Aragon and FS Tolentino respectively.

On the other hand, one of the alarming information
gathered from the survey was the presence of a parasitic
disease in the fish bought by one of the respondents from
a pet shop in Puerto Princesa City. The abovementioned
condition indicates that even the pet shop owner is not
knowledgeable about addressing this particular disease
and the infected fish is still available for sale. This situa-
tion further shows that transmission of diseases can occur
between seller and hobbyist which can cause anxiety to
the side of the buyer instead of relaxation. An essential
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FIGURE 2 List of diseases
with external symptoms
identified by various
respondents infecting
their freshwater orna-
mental fishes. Diseases
were selected multiple
times.

3 Parasitic Diseases
B8 Viral Discase
B Multifactorial Ethiology

component of a thriving ornamental culture or aquarium
system is the implementation of fish health management
programs that aims at preventing the spread of diseases
(Rao et al. 2013; Magada and Mercy 2016).

3.2 Species and life stages of infected freshwater orna-
mental fishes

The goldfish (Carassius auratus), Siamese fighting fish
(Betta splendens) and guppy (Poecilla reticulata) were the
most infected of various diseases encountered by 1
(07.69%) to 5 (38.46%) respondent/s since they were the
most popular fish pet candidates for aquariums (Table 2).
For example, Muyot et al. (2019) reported that goldfish
and guppy are the top freshwater ornamental fish species
produced in the Philippines. In Palawan, the most popular
species are the Siamese fighting fish, guppy, goldfish and
molly (Plasus et al. 2022). These species are also popular
in other parts of the world (Galib and Mohsin 2010; Galib

et al. 2013).
OAdult @Juvenile BFry

3%,

o

~52%

FIGURE 4 The percentage of freshwater ornamental fish
life stages infected by various diseases.

The life stages of ornamental fishes infected with
various diseases were mostly juvenile and adult (Figure 4;
Table 2). White spot or ich, the most infectious disease
was found by 5 respondents (38.5%) infecting juvenile
and adult goldfish. The tail and fin rot was observed by 3
(23.1%) and 4 (30.8%) respondents in juvenile and adult
goldfish and Siamese fighting fish respectively (Table 2).
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This information agreed with the findings of Sharma et al. the early life stages of fish in captivity have low tolerance
(2012) on the infestation of tail and fin rot disease since against diseases.

TABLE 2 Species and life stages of freshwater ornamental fish, the observed diseases and the number of respondents
with infected fish. Data of respondents were presented as frequency (F) and percentage (%). (*) asterisk in fish species
column indicates a newly listed species in Palawan (Plasus et al. 2022). (**) double asterisk means the same respondent.
NDA, No data available.

Respondents and life stages

Fish species Observed diseases Juvenile Adult
Siamese fighting fish (Betta splendens) Lymphocytes 2 (15.38) NDA
Tail and fin rot **3(23.08) **3(23.08)
White eyes NDA 2 (15.38)
Saprolegnia 2 (15.38) 1(07.69)
White-spot or ich **1(07.69) **1(07.69)
Dropsy 2 (15.38) NDA
Fish TB **1 (07.69) **1 (07.69)
Red gill NDA 3(23.08)
White string poop NDA 1(07.69)
Bloat **1 (07.69) **1 (07.69)
Slime coat syndrome NDA 1(07.69)
*Discus (Symphysodon sp.) Black death 2 (15.38) NDA
Flowerhorn (Vieja synspilum) Fish TB **1(07.69) **1(07.69)
White-spot or ich **1(07.69) **1(07.69)
White string poop NDA 1(07.69)
Angelfish (Pterophyllum scalare) Tail and fin rot **1(07.69) **1(07.69)
White-spot or ich **1(07.69) **1(07.69)
Fish louse NDA 2 (15.38)
Shubunkin variety (Carassius auratus) Tail and fin rot **1(07.69) **1(07.69)
Goldfish (Carassius auratus) Tail and fin rot 2 (15.38) 2 (15.38)
White eyes NDA 2 (15.38)
Skin ulcer 2 (15.38) 2 (15.38)
Fish TB **1 (07.69) *%1 (07.69)
Red blotch NDA 1(07.69)
White-spot or ich **5 (38.46) **5 (38.46)
Anchor worm 2 (15.38) 2 (15.38)
Fish louse NDA 2 (15.38)
White string poop NDA 1(07.69)
Bloat 1(07.69) 3(23.08)
Dropsy 2 (15.38) NDA
Pine cone dropsy NDA 3(23.08)
Swim bladder disease 3 (23.08) NDA
Zebrafish (Danio rerio) Spinal deformities 1(07.69) 2 (15.38)
Platy (Xiphophorus maculatus) Pine cone dropsy NDA 1(07.69)
Guppy (Poecilla reticulata) Tail and fin rot **1(07.69) **1(07.69)
White eyes **1(07.69) **1(07.69)
White-spot or ich 1(07.69) 2 (15.38)
Anchor worm **2 (15.38) **2 (15.38)
White string poop NDA 1(07.69)
Bloat 1(07.69) 2 (15.38)
Spinal deformities 1(07.69) 2 (15.38)
Molly (Poecilla sphenops) Tail and fin rot **1 (07.69) **1 (07.69)
Red blotch NDA 1(07.69)
Anchor worm **1(07.69) **1(07.69)
Dropsy 2 (15.38) NDA
*Hammerhead shark (Pangasius sp.)  White-spot or ich **1 (07.69) **1(07.69)
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3.3 Treatments and preventive measures

Out of 13 respondents, only seven were capable to treat
some of the identified diseases using mixed natural
treatments such as a salt bath with water exchange or
temperature adjustments to cure the diseases that infect

J Fish; Mecha and Gonzales-Plasus

the fish. Others used some treatments available online
such as APl MELAFIX, APl PIMAFIX, PowerOut and some
commercial drug remedies such as methylene blue and
malachite green (Table 3).

TABLE 3 Treatments and preventive measures employed by respondents (n = 7) that encountered diseases in ornamental
fishes. LY, lymphocytes; TFR, tail and fin rot; WE, white eyes; SU, skin ulcer; FT, Fish tuberculosis; RB, red blotches; SA,
saprolegnia; WS-I, white-spot or ich; AW, anchor worm; FL, fish louse; WSP, white stringy poop; BL, bloat; DR, dropsy; SD,
spinal deformities; PCD, pine cone dropsy; SBD, swim bladder disease; SCS, slime coat syndrome. (*) asterisk represents

the same respondent.

Diseases with external symptoms

Treatments and preventive measures

LY TFRWE SU FT RB SAWS-I AW FL WSP BL DR SD PCDSBDSCS

Natural treatments

Salt bath only 7 = =
Rock salt (directly rubbed on the ulcer for8 - - -
days; now fully recovered)

Isolate, salt bath and water change - - -
Daily 10% water change - VR VR
50% water change and salt bath - 7 =
Daily water exchange and change of diet - v
Rock salt diluted with the water and raising - - -
the water temperature using an aquarium

heater and daily water changes

Salt bath then lower water depth and aeration- - -
near the fish's body or mouth

Salt bath and less food - - -
Fasting for 24 hours - - -
Stop feeding for one week - - -
Heater only - - -

Treatments available online

Can be prevented by putting a daily dose of -  v'* v'*
APl MELAFIX 5 ml per 10 gallons of water

Treated with API PIMAFIX and MELAFIX for3 - - -
days (fish got better after)

PowerOut (after 2 days the disease is gone) - v -

Commercial drugs treatments

Methylene blue and malachite green - - -
Salt bath and methylene blue - v o
Salt and malachite green - - -

Others
Did not treated as it was thought to be a nor-
mal disease produced by inbreeding

Frequency 1 5 1

Although not all treatments and preventive
measures have feedback on their effectiveness, the re-
sults of this study signify that the seven fish owners have
some knowledge of fishkeeping. The freshwater orna-
mental fish sector in PPC just recently became popular as
a source of alternative income during the pandemic (Pla-
sus et al. 2022). This was also supported by most of the
respondents with only 2-year experience in fish keeping
(Table 1). Hence, most of the fish owners in PPC have no
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appropriate knowledge and skills in terms of fish health
management and mostly rely on the information on the
internet and other platform like YouTube. Furthermore,
unlike in other provinces in the Philippines where the
freshwater ornamental fish sector is monitored and as-
sisted by the Bureau of Fisheries and Aquatic Resources
(BFAR) as it contributes to the overall fisheries production
of the country in terms of value (see Muyot et al. 2019),
this fishery sector in Palawan has less concern and no
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support coming from BFAR.

Natural treatments involving salt or non-iodised salt
solution are known as an effective natural treatment for
many fish diseases (llles 2007; Sanil and Vijayan 2008),
such as ich (Sanil and Vijayan 2008; Sharma et al. 2012;
Miles 2019); tail and fin rot and saprolegnia (Miles 2019);
fish lice and abdominal dropsy (Magada and Mercy 2016)
and ulcerative skin disease (llles 2007; Roberts et al.
2009). In this study, a fish pet with a suspected skin ulcer
was cured after 8 days of rubbing rock salt into an infect-
ed area (Table 3). Salt can also be used as a disinfectant
for fish gills and can limit the uptake of nitrites (llles
2009). The effectiveness of this treatment depends on the
concentration needed for the particular disease (llles
2007; Sanil and Vijayan 2008; Roberts et al. 2009; Magada
and Mercy 2016; Miles 2019). For example, white spot
disease disease can be treated with a 2% saline solution
for more than seven days. llles (2007) mentioned that a
3% saline solution can remove the parasites from the fish
by immersing the infected fish in half an hour or less. The
saline solution may reverse the osmotic gradient or dis-
rupt the body fluid regulation of the parasites, causing
them to become dehydrated (llles 2007; Miles 2019).
However, the use of salt for treatment is not recom-
mended above a concentration of 9 ppt, as most freshwa-
ter fish cannot tolerate this concentration, which could
result in death (Illes 2007; Aquariumscience 2021).

Medical treatments available online like the API
MELAFIX and APl PIMAFIX were also used in treating vari-
ous fish diseases in freshwater ornamental fishes in Puer-
to Princesa City. APl MELAFIX and API PIMAFIX were ef-
fective against saprolegnia and bloat disease as claimed
by two respondents. According to Apifishcare (2021), API
MELAFIX is an all-natural antibacterial treatment against
infectious diseases such as open wounds and abrasions,
fin and tail rot, cloudy eyes and mouth fungus. Mean-
while, API PIMAFIX is an all-natural antifungal agent de-
rived from West Indian Bay Tree, been proven effective
against fungal infections in ornamental fish (Apifishcare
2021). Fungal infections that can be treated with API PI-
MAFIX include cotton wool-like growth in the mouth and
body fungus and redness of the fins and body of the fish.
Both API MELAFIX and APl PIMAFIX do not interfere with
the biological filter; alter the pH or discoloration of aquar-
ium water. The combinations of these treatments can
increase efficacy against various fish diseases (Apifishcare
2021). However, this contradicts the findings of Shivappa
et al. (2015), where APl MELAFIX has no bactericidal or
inhibitory effects against bacterial diseases. PowerQOut
brand was also used and effective against ich disease.
Currently, the only available information about PowerOut
is found on a Facebook platform that is effective against
hexamita, white-spot diseases and deworming.

Other respondents also used commercial drugs such
as methylene blue and malachite green. Methylene blue
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was used for treatment against anchor worms, haemor-
rhagic septicemia or red spot, skin ulcers and tail and fin
rot (Table 3). Methylene blue is a fungicidal drug effective
for fungal diseases such as saprolegnia (Lipton 2006;
Magada and Mercy 2016; Hoshino et al. 2018). It is also
used for non-parasitic diseases causing skin lesions in fish
(Sanil and Vijayan 2008). However, the use of this treat-
ment is not advisable in cyclic tanks as it may kill the bio-
filters therein (Yanong 2003). Meanwhile, malachite
green was used against white-spot disease and haemor-
rhagic septicemia or red blotch (Table 3). Malachite green
is an effective and traditional treatment like methylene
blue, which is useful as a prophylactic treatment to pro-
tect fish eggs from fungal diseases, especially saprolegni-
asis (llles 2007; Magada and Mercy 2016; Miles 2019). It is
most effective when combined with formalin, which can
treat fungal infection and bacterial and protozoan diseas-
es (Lewbart 2001; Lipton 2006; llles 2007; Sanil and Vi-
jayan 2008; Rao et al. 2013). However, there is a need to
avoid malachite green because of its carcinogenic proper-
ties (Soduva et al. 2007; Roberts-Sweeney 2016; Miles
2019). In addition, malachite green is toxic to the fishes in
the aquarium at high temperatures and in water with low
pH levels (Illes 2007).

Although the diseases identified by 13 respondents
infecting the freshwater ornamental fishes did not under-
go laboratory analysis, the findings show that the fish
hobbyist in Palawan can identify the diseases in their
freshwater ornamental fishes. Moreover, seven of the 13
respondents can apply treatments that enable the fish to
recover from certain disease attacks. Despite this, appro-
priate training for fish keeping in PPC is needed as some
respondents use commercially available treatments for
ornamental fish which have a negative effect on human
health and the environment if not properly utilised. Ca-
pacitating the local ornamental fish breeders to apply
proper care and responsible handling of diseases in or-
namental fish could lead to the improvement of fish pro-
duced and promotion of this industry in the whole prov-
ince of Palawan. In addition, there is a need to conduct a
clinical evaluation of the effectiveness of some treat-
ments suggested by fish owners and various social media
platforms against other diseases.

SUPPORTING INFORMATION

Additional supporting information may be found in the
online version of the article at the publisher’s website.
Visit https://doi.org/10.17017/j.fish.485 for details.
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