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Danau Girang Field Centre
Being a training facility, I was given opportunities to conduct field research on
a whole array of exciting and interesting projects. These included the Bornean
Banteng Project located in Malua forest reserve, DGFC’s camera trapping,
crocodile, sun bear, clouded leopard, nocturnal primate, small mammal
trapping and freshwater fish projects. Other duties included producing DGFC’s
Jungle Times newsletters, collecting weather station data and clearing forest
trails in preparation for the arrival of field courses. I learnt forest navigation
skills using a compass and GPS, and how to use mapping software including
MapSource and GIS.
Half of my time was spent working on my own project, enabling me to learn
new skills such as boat driving, cast net fishing, dissection, microscope work
and sample preparation. Throughout my project I learnt how to collect and
record data efficiently and collaborate with other research teams to minimise
fuel consumption whilst working on the river. Time management skills were
essential, particularly as my project involved a lot of lab work, which could only
be conducted during certain times of the day when power was available. The
staff at DGFC, particularly research assistants, made every day an incredible
experience. Without their hard work, DGFC would not exist, and to all of them
I am grateful for such friendships that have been made. Being immersed in
local cultures, foods and having the opportunity to learn (albeit very badly)
another language has been a real highlight for me.
Throughout the year I helped run 6 field courses, teaching people of all ages
with different levels of scientific understanding about the rainforest and my
project. I also learnt how to rig and safely send visitors up DGFC’s canopy
platform, and had to be confident and knowledgeable when leading day and
night forest walks. For every field course, presentations about our projects
were given, allowing us to build on existing public engagement skills. Field
courses gave me a fantastic opportunity to meet some incredible people from
all over the world including sixthform students, other undergraduates, masters
and PhD students, lecturers, scientific consultants, educators, journalists and
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television crews. DGFC is continually growing, becoming more prestigious
and getting involved in all the current important areas of research the
rainforest so valuably needs. I cannot thank Dr. Benoit Goossens and the rest
of the DGFC researchers for getting me so involved with scientific research.
During a two month period in the year I worked back in Cardiff University labs.
Here I conducted my genetic work on samples that were sent from Borneo. I
became familiar with DNA extraction methods, PCR, gel electrophoresis, DNA
sequencing and genetic analysis using computer software, all of which will be
invaluable experience towards my future research.
To conclude, I could not have wished for a better placement year. Taking part
in field research has affirmed my decision to continue onto further education in
the form of a masters or PhD programme, hopefully in a similar area of
research.
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ABSTRACT
The freshwater ecosystem within the Lower Kinabatangan Wildlife Sanctuary
(LKWS) is largely overlooked. Whilst little is understood about the ecology of
freshwater fish within the Kinabatangan River (KR), nothing is known about
the parasite fauna infecting these fish. Being the first parasitological study
within the KR, this study investigates parasite diversity, prevalence and
intensity infecting two freshwater fish species; Cyclocheilichthys repasson
(Java Barb) and Ompok bimaculatus (Lais), in three habitat types; the river, its
surrounding tributaries and oxbow lakes. Fish were caught using cast netting
methods, transported to Danau Girang Field Centre, and screened for
parasitic fauna using light microscopy. Diverse parasite communities
representing 9 parasite taxa from 4 phyla infected both species at all study
sites, with the exception of Epistylis sp. that was not found to infect Lais. Fish
caught in oxbow lakes contained the most diverse parasite communities.
Hosts infected with high parasite intensities had low parasite diversity.
Dactylogyriids were the most common parasite genus infecting both fish hosts
with particularly high intensities recorded in Lais caught within the river. Java
Barb dactylogyriid intensity was considerably lower, indicating a possible
immune response mechanism. Genetic analysis of dactylogyriids and
digenean metacercariae indicated the presence of new species, an important
contribution to enlightening the phylogeny of monogenean and digeneans
parasitizing freshwater fish within the KR. Co-infection analysis revealed
multiple interactions between parasite taxa. Water pH, temperature and
locality in which fish were caught all had significant influence on parasite
intensity. No significant differences in parasite diversity between polluted and
less polluted sites suggest it is possible the entire water sys tem within the
LKWS is polluted. This highlights the need of a comparative study between
current study sites and pristine freshwater habitats, before any conclusions on
how an anthropogenically modified riparian zone affects freshwater ecology,
including parasite communities.
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INTRODUCTION
The Kinabatangan River (KR) is the longest river system (560km) in
Sabah, northeast Borneo, Malaysia. Located in one of the worlds’ biodiversity
hotspots, the river has an essential role in supporting the ecosystem and the
rare flora and fauna endemic to the region. The habitat surrounding KR has in
recent years become highly fragmented due to human activities, particularly
expanding oil palm plantation and logging. Malaysia and Indonesia hold 80%
of all oil palm plantations (Fitzherbert et al. 2008), and between 1975 and
2005 oil palm land cover expanded from 0.4 to 3.6 million ha in Malaysia
(Wicke et al. 2011). Additionally an estimated 1.1 million ha of rainforest was
destroyed. Despite habitat loss being particularly evident within the Lower
Kinabatangan Wildlife Sanctuary, a number of protected forest fragments
remain, providing important movement corridors between forest lots for much
of the diverse, rare wildlife that remains today.
Although the effects of fragmentation on terrestrial wildlife are well
documented for this region (e.g. Gillespie et al. 2012, Goossens et al. 2004,
Bruford et al. 2010), studies assessing the impacts of habitat degradation and
pollution on aquatic systems are scarce. Within Malaysia, over 600 freshwater
fish species have been documented (Kottelat & Whitten 1996, Martin-Smith
2009), 168 of which can be found in North Borneo (Inger and Kong 2002).
Knowledge of species diversity provides key information on the health and
stability of freshwater ecosystems, enabling sustainable management
strategies of wildlife and aquacultural systems to be implemented. Losing
endemic fish species through habitat destruction could have devastating
socio-economic impacts, particularly as many local communities, specifically
those located along the KR, are reliant on fish stocks as a means of
subsistence. Changes in surrounding land use, for example the removal of
riparian vegetation to facilitate the expansion of oil-palm plantations, is the
largest environmental stressor on freshwater fish populations, promoting
aquatic degradation through increased sedimentation, chemical run off and
the loss of essential fish feeding and breeding grounds (Chong et al. 2010).
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The last in depth guide to Bornean freshwater fish was published in 1962
(Inger and Kong 1962). There is currently no published literature documenting
the effects of habitat degradation on KR fish stocks. Furthermore, nothing is
known about parasite fauna infecting these fish. Parasites play key roles in all
biological systems, and understanding their ecology provides valuable
information regarding host population dynamics, life history traits of both host
and parasite, and host-parasite co-evolutionary mechanisms. Habitat pollution
affects parasite communities by altering pathogenicity and leading to the
emergence of diseases (Santos and Howgate 2011), having potentially
tremendous impacts on riverine ecosystems by reducing the diversity of fish
species (Poulin 1992, Amaeze et al. 2012) and altering food web dynamics
(Lafferty et al. 2008).
Parasites promote fish borne zoonotic diseases that are problematic
particularly in Southeast Asian countries, posing major threats to public health.
For example, opisthorchiasis, commonly referred to as liver-fluke disease, is
caused by Opisthorchis viverrini, a digenean parasite with a complex life cycle
involving freshwater fish as an intermediate host (Vichasri et al. 1982). An
estimated 2 million people in Laos are infected with the disease that can lead
to

cancers

of

the

bile

duct

(Kobayashi

et

al.

2000).

Currently,

cholangiocarcinomas do not have any effective chemotherapy treatments
(Manivong et al. 2009), and a high probability of recurrence of tumours
following surgery makes it a difficult disease to control (Thongprasert 2005).
Understanding parasite ecology is paramount as this information may be
invaluable when developing both medical treatments to cure such diseases,
and parasite eradication programmes within fish populations.
Ectoparasites including Trichodina, Epistylis and Chilodonella are among
the most common parasites infecting the skin and gills of freshwater fish,
particularly in farmed stocks. These parasites are relatively susceptible to
chemical treatments including the applications of salts, biocides, acetic acid
and antibiotics to the water containing infected individuals (Harms 1996). The
most commonly practiced method for treatment of ectoparasites is the
appliance of formalin; a low cost, easily accessible biocide with a quick
eradication time (Tonguthai 1997). In order to maintain healthy fish
7
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populations, effective aquacultural management is required to reduce the
chances of parasite exchange between farmed and wild fish stocks. Specific
chemical treatments need to be implemented to eradicate different parasite
taxa effectively, and for this it is crucial to understand parasite life cycles.
These can be complex, with indirect life cycles exploiting multiple hosts for
successful development, or simple direct cycles involving a single host
species, as is the case for monogenean platyhelminths, like dactylogyriids.
Dactylogyridae is a highly diverse family with over 900 documented species
(Knipes and Janovy 2009), all of which are ectoparasitic, infecting fish fins,
skin and gills. Monogeneans generally demonstrate strong host specificity
(Whittington et al. 2000) using highly specialised opisthaptors to prevent
dislodgment from a host (El-Naggar and Kearn 1989). All monogeneans are
hermaphroditic, and in the case of Dactylogyridae lay eggs that are washed
out of the gill chamber and undergo temperature dependant development
before hatching into free swimming ciliated larvae (Diggles et al. 2005).
Immature parasites attach to a new host and migrate to the gills where they
establish themselves, continuing the life cycle (Whittington 1990).
When investigating parasite diversity within a host, distinguishing whether
differences in parasite community structure are due to host population
composition and density, host immunity or environmental variations is difficult
(Prost et al. 1991). In fact, it is a combination of factors that determine the
parasitic fauna within a fish host. For example, it is well documented that
temperature and water velocity variation affect the occurrence and abundance
of monogenean parasites including dactylogyriids (e.g. Soylu et al. 2008,
Knipes and Janovy, Jr. 2009, Neary et al. 2012). High water temperatures
increase both larval and adult development rates (Neary et al. 2012), whilst
variations in water velocity on different areas of the host gills can determine
dactylogyriid distribution (Simkova and Morand 2008). In addition, as
dactylogyriids have a free swimming larval stage, parasite prevalence is
dependent upon host density. A high fish density within an area can improve
parasite transmission from one host to another (Soylu et al. 2008). Parasites
also have to overcome the innate and acquired immune defence mechanisms
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of a host, which continually evolve in a host-parasite arms race (Buchmann
and Lindenstrom 2002, Paperna 1964).
Changes in parasitic communities due to environmental stressors are
becoming increasingly studied (Dusek et al. 1998), and there is growing
evidence that they could be used as indicators of environmental degradation,
including pollution and changes in water quality (Landsberg et al. 1998, VidalMartinez et al. 2009).
As the first parasitological investigation of freshwater fish within KR, the
present study aims to assess ectoparasite diversity, prevalence, and intensity
infecting two common freshwater fish species; Ompok bimaculatus (Lais) and
Cyclocheilichthys repasson (Java Barb) (Figure 1) in 3 distinct habitat types;
the main river its surrounding tributaries, and oxbow lakes. Java Barb is found
throughout south-east Asia and commonly inhabits standing water including
lakes, ponds and ditches feeding on aquatic macrophytes (Inger and Kong
2002). Lais, known locally as the glass catfish, is a diurnal predator feeding on
insects in fast flowing water bodies. Lais ranges across Afghanistan, Pakistan,
India and all of south-east Asia (Inger and Kong 2002). During a 2013 survey
on the biodiversity of tropical freshwater fish in the KR (Fields, unpublished
data), Lais and Java Barb were selected for the present study based on their
importance in aquaculture and human consumption. High densities of both
species were recorded across all sampling sites, despite each fish species
having slightly different habitat preference.
(a)

(b)
=b

10.72cm

7.68cm

Figure 1. (a) Cyclocheilichthys repasson (Java Barb) (b), and Ompok bimaculatus (Lais)
with standard length.

Whenever possible, comparisons of ectoparasite fauna between fish
caught in ‘polluted’ and ‘less polluted’ localities were made. Based on
published literature (i.e. Landsberg et al. 1998, Vidal-Martinez et al. 2009) it is
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hypothesised that parasite intensities of fish caught in ‘polluted’ localities will
be lower. The effects of abiotic factors including temperature, rainfall, pH,
surrounding land use and locality on parasite fauna were also investigated.
Morphological identification of specimens was conducted to assess parasite
diversity. Additionally, rDNA PCR was used to identify a subset of parasites to
the highest possible taxonomic level.
MATERIALS AND METHODS
Field Site, Habitat Analysis and Study Species
A total of 180 Cyclocheilichthys repasson and 180 Ompok bimaculatus
were collected from six sampling sites along the Kinabatangan River: 1)
DGOL; Danau Girang Oxbow Lake (5°24'29.74"N, 118° 2'21.03"E), 2) DKOL;
Danau Kaboi Oxbow Lake (5°25'17.21"N117°58'10.42"E), 3) SKoT; Koyah
tributary (5°24'27.89"N, 118° 4'52.55"E), 4) SKT; Sungai Kaboi tributary
(5°24'38.58"N117°58'48.72"E), 5) RS1; River site 1 (5°24'3.19"N118°
1'25.15"E) and 6) RS2; River site 2 (5°24'35.37"N118° 3'54.74"E). Fish were

Figure 2 – Aerial map of each sampling site in the current study. SKT: Sungai
Kaboi tributary running through rainforest, SKoT: Sungai Koyah tributary
running through oil palm plantation, DGOL: Danau Girang Oxbow Lake,
DKOL: Kaboi Oxbow, RS1: River site 1, RS2: River site 2 and DGFC: Danau
Girang Field Centre (After Google Earth).
collected using cast netting (10mm mesh size), with casts made along predetermined transects in shallow water (2-5m), near the banks of oxbows,
tributaries and river, increasing catch success. Subsequently, fish specimens
were dissected and examined for macroparasitic fauna. Each sampling site
10

BI9999

R1006

was located in the Lower Kinabatangan Wildlife Sanctuary, within a 15km
radius of Danau Girang Field Centre (DGFC; 5°24'48.96"N118° 2'15.98"E)
and ease of year round accessibility and convenience in terms of distance
from DGFC were determinants for sampling site selection. Close proximity to
DGFC increased the likelihood of survival of fish during transportation back to
the laboratory, necessary for the following investigations. Habitat surveys at
each site included measurements of water pH, temperature, velocity and
depth. The width of the water body was recorded at 3 intervals at the start,
middle and end of each transect. Surrounding land use was categorised as
rainforest or plantation, and bankside vegetation type; elephant grass, closed
canopy, open canopy, or mudflat. Bankside structure was further described
categorically as submerged vegetation and branches, tree roots, undercut,
bare bank or flooded breached banks (see Appendix 1).
Fish were maintained alive prior to examination and transported in river
water back to DGFC. The surface of each fish was scanned for ectoparasite
fauna followed by euthanasia using an overdose of Tricaine Methanesulfonate
(MS222). Standard length (mm) and weight (g) were recorded, and each fish
was dissected for parasite screening. Fins and gill arches were removed,
placed in petri dishes containing tap water, and examined for parasites using
light microscopy. Parasites were removed from tissue using needles, mounted
onto a glass slide and identified to family level following Pouder et al. (2011).
Photos, width and length measurements (μm) were taken for each parasite.
Parasite diversity; the number of different parasite genera infecting a host,
prevalence; the percentage number of fish infected and mean intensity;
average number of detectable parasites per host, was recorded for study
species at each sampling site. Fin, gill and parasite samples were stored
individually in eppendorfs filled with 95% molecular grade ethanol at room
temperature and transported to Cardiff University for subsequent genetic
analysis.
Parasites were isolated from fish tissue and placed into individual
eppendorfs filled with 95% molecular grade ethanol. Following evaporation of
ethanol, genomic DNA was extracted from 11 dactylogyriids and 9 digenean
metacercariae samples using a solution of 10mM pH 8.0 TE Buffer, Tween 20
11
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(4.5μl) and Proteinase K (10μl) and incubated for 3-4h at 65°C followed by 10
minutes at 95°C to denature Proteinase K (Truett et al. 2000). For DNA
amplification a total PCR reaction volume of 15μl was used, comprising of 2μl
DNA extract, 25mM MgCl2, 10X PCR Buffer, 2.5mM of each dNTP, 10pmol/μl
of each primer and 5U Taq polymerase. For dactylogyriid samples, primers S1
(59-ATTCCGATAACGAACGAGACT-39) annealing to the 18S gene region
and H7 (59-GCTGCGTTCTTCATCGATACTCG-39; (Sinnappah et al. 2001) or
IR8 (59-GCTAGCTGCGTTCTTCATCGA-39) annealing to the 5.8S rDNA
(Simkova et al. 2003) were used and PCR was performed under the following
conditions: 4min denaturation at 95ºC, 35 cycles of 1min at 95ºC, 1min at
55ºC and 1min 30sec at 72ºC, followed by an elongation period of 10min at
72ºC. For digeneans, primers Ophet F1 (5’-CTCGGCTCGTGTGTCGATGA-3’)
and Ophet R1 (5’-GCATGCARTTCAGCGGGTA-3’) were used to amplify the
ITS2 of rDNA (Muller et al. 2007). PCR conditions were as follows: 3min
denaturation at 94ºC, 30 cycles of 30sec at 94ºC, 40sec at 55ºC, 1min 30sec
at 72ºC and an elongation period of 10min at 72ºC. Electrophoresis was
carried out using a 1% agarose gel stained with 1.5μl 10 mg/ml ethidium
bromide for ultraviolet visualisation. Negative controls, where DNA was
substituted for water within the PCR mix, were used to rule out contamination.
A 100 base pair (bp) ladder indicated PCR product size of 1200 bp for
dactylogyriids and 500 bp for digenean parasites. PCR products for 3
monogenean (2 from Java Barb gill and 1 from Lais gill) and 3 digenean (all
from the fins of Lais) samples were sent to the Cardiff School of Biosciences
DNA Sequencing Facility. Forward and reverse amplicons were aligned and
edited using SequencherTM followed by a blast search on GenBank database.
5 Dignenean metacercariae collected from the eyes of Cyclocheilichthys
repasson in May 2011 (Cable unpublished data) were also included in the
phylogenetic analysis. Phylogenetic reconstruction was conducted using a
Neighbour Joining tree and considering un-corrected p-distances (i.e. the
proportion of nucleotide sites at which sequences are different), for both
dactylogyriids and digeneans. A total of 500 bootstrap replicates were run to
test the robustness of the final tree. Analysis was performed using MEGA
V5.1 (Tamura et al. 2011).

12

BI9999

R1006

Statistical Analysis

Parasite infection was quantified using prevalence; the percentage of
hosts infected and mean intensity; the average number of detectable parasites
infecting a host. Shapiro and Anderson-Darling normality tests were
performed whenever necessary. Log10 transformations were used to
normalise data as in the case of parasite intensity recorded infecting hosts.
General linear models using various family (Gaussian and binomial) and link
functions (Identity, logit, cauchit and cloglog) were used to assess co-infection
between parasite genera and the effects of habitat variables on total parasite
intensity. Each model was refined using stepwise deletions of the least
significant variables. When investigating the effects of pH on parasite
intensity, outliers which were significantly distorting data were removed to
identify other possible factors responsible for such high parasite intensities
recorded. Linear regression models were used to identify relationships
between parasite mean intensity with fish weight and length. Parametric TwoSample t-tests were used to identify significant differences in parasite mean
intensity between the two hosts at each sampling site. One-way ANOVA tests
compared dactylogyriid intensity within fish hosts across sampling sites.
Parasite diversity within fish hosts at each sampling site was analysed using
Simpsons Diversity (D), Shannon Weiner (H), and Shannon’s equitability (EH)
indices. Simpson diversity values range from 0-1; 0 representing no diversity
and a community dominated by one parasite genus and 1 representing a
highly diverse community with many different parasite taxa. High Shannon
Weiner values indicate a highly diverse parasite community, and also allow
the Shannon equitability index to be calculated giving a measure of how
equitably distributed the parasite community were within host populations.

All statistical analysis was conducted using the RGui statistical package
(version 2.13.2, R Development Core Team 2009) and Minitab 16. All figures
and tables were generated using Microsoft Excel 2010, with the exception of a
boxplot produced using RGui statistical package.
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RESULTS
Diverse parasite communities infect Lais and Java Barb across all
sampling sites. Nine parasite taxa from 4 phyla were identified during the
study including 3 ciliophora, 1 dinoflagellata, 2 monogeneans, 1 crustacean
and 1 digenean metacercariae. All parasite genera apart from Epistylis were
found to infect both host species (Table 1).

Trichodina sp.
Tetrahymena sp.
Epistylis sp.
Ichthyophthirius multifiliis
Piscinoodinium sp.
Dactylogyriid spp.
Diplozoon paradoxum

Ompok bimaculatus n=180
Prevalence
Mean intensity
(%)
16
2.56
13
1.29
0
0
17
0.28
24
1.85
97
225.86
4
0.04

Cyclocheilichthys repasson n=180
Prevalence
Mean intensity
(%)
27
6.28
20
30.13
5
7.08
32
1.82
36
6.57
89
16.50
4
0.04

Unknown
Ergasilus sp.

37
17

28
4

Parasite Group

Parasite Genus

Ciliophora

Dinoflagellata
Monogenea
Digenean
Metacercariae
Crustacea

9.48
0.33

5.96
0.18

Table 1. Summary of prevalence and mean intensity of parasite genera
infecting Lais and Java Barb across six sampling sites. For a detailed
breakdown of parasite communities at each site, see Appendix 2.
Total parasite intensity was significantly higher in Lais than Java Barb (Twosample T Test: n=360, d.f.=358 P>0.05) at 5 out of 6 localities (Figure 3).

Figure 3. Mean parasite intensity infecting host species Lais and Java Barb
at each study site. DGOL: Danau Girang oxbow lake; DKOL: Danau Kaboi
oxbow lake; SKT: Sungai Kaboi tributary; SKoT: Sungai Koyah tributary;
RS1: River site 1; RS2: River site 2.
14
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A high number of hosts harboured a fewer number of parasite genus. Most
fish hosts were infected by 2 or 3 parasite genera whilst no fish were infected
with over 7 parasite genera (Figure 4). In only 7 fish were there no detectable
parasite fauna, all of which were Java Barb.

40

Ompok bimaculatus

Percentage of infeected hosts

35
Cyclocheilichthys repasson

30
25
20
15
10
5

0
0

1

2

3

4

5

6

7

Parasite genera richness

Figure 4. The parasite species richness (number of parasite genera
infecting a host fish) of Lais and Java Barb.

For Lais, Simpson Diversity index values (D) ranged from 0.004 at river site
2, to 0.708 in Danau Girang oxbow (Table 2). This high D value in the oxbow
indicated greater species diversity, which was further supported by a high
Shannon-Wiener index value (H) of 1.48. Low Shannon’s equitability values
(EH) for Lais at river site 2: 0.01 and Sungai Kaboi tributary: 0.11 suggested
parasite species were distributed less equitably in the host population at these
sites. D values for Java Barb ranged from 0.362 in Danau Girang oxbow to
0.723 in Danau Kaboi oxbow. Java Barb EH values exceeded Lais EH values
at all study sites apart from Danau Girang oxbow. This implied that parasite
communities have higher equitability in Java Barb, whereas communities
infecting Lais may be dominated by one parasite species, decreasing D, H
and EH values.
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DG Oxbow Lake
Kaboi Oxbow Lake
Sungai Kaboi
Sungai Koyah
River Site 1
River Site 2

Ompok bimaculatus
H
EH
D
1.48
0.760
0.708
0.91
0.441
0.548
0.11
0.066
0.031
0.42
0.264
0.202
0.21
0.115
0.082
0.01
0.018
0.004

Cyclocheilichthys repasson
H
EH
D
0.72
0.372
0.362
1.48
0.676
0.723
0.79
0.571
0.434
1.38
0.665
0.701
1.05
0.586
0.562
0.89
0.499
0.614

Table 2. Shannon-Wiener index values (H), Shannons Equitability values
(EH) and Simpsons diversity index values (D) for parasite communities
infecting Ompok bimaculatus and Cyclocheilichthys repasson at each study
site; DG: Danau Girang.
Trends in prevalence and intensity of Monogenean: Dactylogyridae
Monogenean dactylogyriids were the most common parasite infecting 93%
of screened fish across all study sites. The mean dactylogyriid intensity on
Lais across all sampling sites ranged from 14.9-688.4. Prevalence in Lais
ranged from a minimum of 83% in Danau Kaboi oxbow to100% at 4 localities
including both tributary and river sites. Prevalence of dactylogyriids on Java
Barb ranged from 80-97% with mean intensities ranging from 4.6-27.9.
Interestingly, the mean intensity of dactylogyriids infecting Lais increased from
oxbows<tributaries<river sites (One-Way ANOVA: F5, 179=24.23, P<0.001); an
opposite trend to what was observed in Java Barb (One-Way ANOVA: F5,
179 =4.74,

P<0.001) (Figure 5).

a

b

Figure 5. Mean intensity of dactylogyriids infecting (a) Lais and (b) Java Barb
at each sampling site. DGOB: Danau Girang Oxbow Lake; DKOB: Danau
Kaboi Oxbow Lake; SKT: Sungai Kaboi tributary; SKoT: Sungai Koyah
tributary; RS1: River Site 1 and RS2: River Site 2.
16
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Co-infection analysis between dactyogyriids and other parasite taxa
revealed that only Piscinoodinium had a significant influence on the presence
of dactylogyriids. As Pisscinoodinium intensity increased, dactylogyriid
intensity decreased significantly for both fish species (Lais F 1,
P<0.05; Java Barb F 1,

178=

178

= 9.923,

4.848, P=0.028) (Figure 6). Locality also

significantly influenced dactylogyriid intensity for both study species (Lais F5,
174 =10.268,

P<0.001. Java Barb F1, 174 =7.246, P<0.001).

Log10 Dactylogyriid intensity

2.5
2
1.5
1
0.5
0
0

0.5

1

1.5

2

2.5

3

3.5

Log10 Piscinoodinium intensity

Figure 6. The correlation between Log 10 dactylogyriid intensity and Log10
Piscinoodinium intensity in Ompok bimaculatus and Cyclocheilichthys
repasson from all localities.
Table 3 summarise the significant co-infection relationships between all
parasite taxa found infecting Java Barb and Lais.

Parasite taxa:
Trichodina
Tetrahymena
Ichthyophthirius multifiliis
Piscinoodinium

Dactylogyriids
Diplozoon paradoxum
Digenean metacercariae
Ergasilus

Parasite taxa:

Ompok bimaculatus (Lais) n=180
Influenced by:
+/Statistical test value:
Tetrahymena
+
LRT: 4.27
Diplozoon paradoxum
LRT: 5.89
Trichodina
+
LRT: 11.62
Dactylogyriids
LRT: 5.13
None
None
None
Dactylogyriids
+
LRT: 19.04
Diplozoon paradoxum
+
LRT: 4.48
Digenean metacercariae
+
LRT: 5.11
Piscinoodinium
F: 6.33
Piscinoodinium
+
LRT: 5.23
Dactylogyriids
LRT: 7.69
Piscinoodinium
+
LRT: 5.42
Dactylogyriids
LRT: 15.33
Cyclocheilichthys repasson (Java Barb) n=180
Influenced by:
+/Statistical test value:

17

d.f.:
177
177
177
177
None
176
176
176
178
178
178
177
177

P value:
0.038
0.015
<0.001
0.023
None
<0.001
0.034
0.023
0.012
0.022
0.005
0.001
<0.001

d.f.:

P value:

BI9999

R1006

Trichodina

Digenean metacercariae

-

LRT: 6.97

178

0.008

Tetrahymena

Trichodina
Digenean metacercariae
Digenean metacercariae
Tetrahymena
Epistylis
Digenean metacercariae
Tetrahymena
Epistylis
Diplozoon paradoxum
Piscinoodinium
Piscinoodinium
None
None

+
None
None

LRT: 5.28
LRT: 3.92
LRT: 6.03
LRT: 5.56
LRT: 4.57
LRT: 9.39
LRT: 14.02
LRT: 7.44
LRT: 8.79
F: 4.84
LRT: 7.23
None
None

177
177
178
176
176
176
176
176
176
178
178
None
None

0.028
0.047
0.014
0.018
0.032
0.003
<0.001
0.006
0.023
0.028
0.007
None
None

Epistylis
Ichthyophthirius multifiliis

Piscinoodinium

Dactylogyriids
Diplozoon paradoxum
Digenean metacercariae
Ergasilus

Table 3. The significant co-infection relationships between parasite taxa infecting
Ompok bimaculatus and Cyclocheilichthys repasson. +/- refers to a positive (+)
or negative (-) correlation between two parasite groups. For example, in Lais, the
numbers of Trichodina increase as the number of Tetrahymena increases.

The influence of habitat variables on parasite fauna
Out of 5 habitat variables investigated only 3; pH, temperature and locality,
had significant effects on mean parasite intensity. Interestingly, velocity and
surrounding land use (rainforest or plantation) had no significant effect on
parasite fauna. Water pH had substantial influence on the mean intensity of
parasites infecting a host (F1, 355= 7.81, P<0.001). As water pH increased, the
mean parasite intensity also increased (Figure 7).
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Figure 7. The positive relationship between mean parasite intensity and water
pH.
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During the study period, oxbow lakes exhibited mean pH 7.4, tributaries pH
7.5 and the main river pH 7. River site 1 had the greatest pH range between
pH 6.8–7.5, whilst both oxbow lakes exhibited minor fluctuations between pH
7.5-7.6 (Figure 8).

Figure 8. The mean parasite intensity infecting fish caught at sampling sites at
various water pH. DG Oxbow: Danau Girang oxbow lake; DK Oxbow; Danau
Kaboi oxbow lake.
The positive trend observed in figure 7 was reversed under different flood
conditions during January 2013 (Figure 9). During the sampling period,
January experienced the most rainfall (553mm) of any month. During this
time water pH within the river dropped to pH 6.7 and pH 6.8. The highest
mean parasite intensities of 1026 and 585 individuals were recorded at pH 6.7
and pH 6.8 respectively.
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Figure 9. The negative relationship between mean parasite intensity and water
pH.
Total parasite intensity varied significantly with respect to the locality in
which fish were caught (F5,

350

= 13.51, P<0.001). For Java Barb, mean

parasite intensity was significantly higher in fish collected from Danau Girang
oxbow lake when compared to Danau Kaboi oxbow lake (T 58 = 4.11, n=60,
P<0.001), Koyah tributary (T 58 = 2.81, n=60, P=0.003), Kaboi tributary (T 58 =
5.34, n=60, P<0.001), River site 1 (T 58 = 5.56, n=60, P<0.001) and River site 2
(T58 = 10.63, n=60, P<0.001). Despite high parasite intensities, parasite
diversity of Java Barb in Danau Girang oxbow was the lowest out of all study
sites (D=0.362). Lais caught at River site 2 had a significantly higher mean
parasite intensity than Lais in Danau Girang oxbow lake (T 58 = 5.34, n=60,
P<0.001), Danau Kaboi oxbow (T 58 = 2.94, n=60, P=0.002), Koyah tributary
(T58 = 5.29, n=60, P<0.001), Kaboi tributary (T 58 = 3.30, n=60, P=0.001) and
River site 2 (T 58 = 2.66, n=60, P=0.005). Similarly to Java Barb, parasite
diversity was lowest at localities with high parasite intensities. In this case,
Lais from river site 2 had the lowest parasite diversity (D=0.004).
Although surrounding land use did not have significant influence on
parasite fauna when analysing results of the GLM model, mean parasite
intensity for both study species within Sungai Kaboi was significantly higher
than fish in Sungai Koyah; tributaries flowing through rainforest and plantation
respectively (Two sample t-test: n=120, d.f.:118, P<0.001) (Figure 10).
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Figure 10. Significant difference between mean parasite intensity in fish
caught in Sungai Kaboi rainforest tributary (SKT) and Sungai Koyah
plantation tributary (SKoT).
Water temperature also had a significant impact on parasite mean
intensities (F1, 355 = 7.81, P<.001). Fluctuations in water temperature between
26.5-30.5⁰C were observed during the sampling period. Oxbow lakes
exhibited higher temperatures of 28-29⁰C whilst all other localities had modal
temperatures of 27⁰C. Mean parasite intensity was considerably higher in
localities with lower temperatures (Figure 11) ranging from 585 parasites per
fish at 26.5⁰C (n=15) to only 76 parasites per fish at 30.5⁰C (n=13). The lower
temperatures at river sites 1 and 2 accounted for high parasite intensity,
particularly in Lais.
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Figure 11. Mean parasite intensities at various temperatures for all localities and
study species.
The relationship between host body size and parasite intensity
Lais had a mean standard length of 10.72cm (range: 6.87-18.94 cm) and
mean weight 12.09g (range: 2.6-31 g), and Java Barb had a mean standard

Figure 12. Correlations between body weight (g) and parasite intensity for
Lais (left) and Java barb (right).
length of 7.68cm (range 3.14-18.64 cm) and mean weight 16.54g (range:
1.81-135.60 g). Parasite intensity was positively correlated with fish weight for
both Lais (Linear Regression model: n=180, d.f.=179, P<0.001) and Java Barb
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(Linear Regression model: n=180, d.f.=179, P=0.021) (Figure 12). A positive
correlation between parasite intensity and fish length (mm) was observed in
Lais (Linear Regression model: n=180, d.f.=179, P<0.001) but not in Java
Barb (Linear Regression model: n=180, d.f.=179, P=0.152) (Figure 13).

Figure 13. Correlations between body length (mm) and parasite intensity for
Lais (left) and Java Barb (right).
Phylogenetic Analysis of Digenean metacercariae and Monogenean:
dactylogyriids
A total of 6 digenean metacercariae were successfully sequenced.
Although not strongly supported, the neighbour joining tree indicated that
individuals 52a and 52b obtained from Lais are sister taxa to a group
containing genera; Metorchis, Metagonimus, Dexiogonimus, Haplorchis,
Procerovum, Centrocestus, Amphimerus, Pseudamphistomum, Opisthorichis,
Cloronchis and Euryhelmis. Eye digenean from Java Barb (eye dig 18, 3, 4,
10 and 8) are sister taxa to Posthodiplostomum, Ornithodiplostomum,
Bolbophorus and Diplostomum (Figure 12). Divergence of 30% between skin
(52a and 52B) and eye metacercariae is indicated by sequenced specimens
appearing in completely different parts of the phylogenetic tree.
Sequencing of 3 dactylogyriid samples was successful. Phylogenetic
analysis indicates that individuals 41Ca and 45cb, both obtained from Java
Barb, are sister taxa to genus Dactylogyroides. Sample 36, obtained from
Lais, was sister taxa to Thaparocleidus (Figure 13). The phylogenetic analysis
indicates the presence of new species.
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Figure 14. A neighbour joining tree from digenean metacercariae isolates.
Bootstrap percentages can be seen at each node. Analysis was performed
using MEGA V5.1 (Scale bar=0.02 nucleotide substitutions per site).
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Figure 15.
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Figure 15 ctd. A neighbour joining tree from digenean metacercariae isolates.
Bootstrap percentages can be seen at each node. Analysis was performed
using MEGA V5.1 (Scale bar=0.005 nucleotide substitutions per site).
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DISCUSSION
Being the first parasitological study of freshwater fish within the KR, the
current study revealed fish were infected with diverse parasite communities
representing 9 parasite taxa from 4 phyla, from simple protists to more
complex crustaceans.
Investigating correlations between fish size and parasite intensity
It is well documented that fish size correlates with parasite intensity (Allen
and Little 2010, Arnott et al. 2007). Positive correlations between fish size
(weight and length) and parasite intensity were observed in Lais; however,
parasite intensity was only positively correlated with Java Barb weight, not
length. This can be explained by examining morphological characteristics of
Java Barb, a cyprinid species, which has a compact body with short standard
length and a greater width (Veran et al. 2012). Individual fish within a
population have different abilities to compete for resources (Westerberg et al.
2004), resulting in a diverse population of fishes with different growth rates,
standard lengths, weights and body condition (Barber 2005).

It would be

expected that parasite richness is positively correlated with fish size, as in a
larger host a greater niche diversity and number of resources are available for
parasitic fauna to become established and sustained (Sasal et al. 1997). As
fish grow continually through their lifetime larger fish, which have lived longer,
have a higher probability of encountering parasites (Sasal et al. 1997).
Despite this, positive trends between the numbers of parasite genera infecting
Lais or Java Barb with size could not be identified, with most fish harbouring a
low number of parasite taxa. It is likely that the presence of a domineering
parasite genus is out-competing co-existing parasites (Sures et al. 1999,
Rauch 2006), thus consequently reducing diversity within the parasite
community, irrespective of fish size. This was the case for Lais located in river
sites 1 and 2. Monogenea; Dactylogyridae, were the most abundant parasite
family exceeding intensities of 688 individuals/host at river site 2. A
combination of high Lais density (Fields unpublished data), shoaling
behaviour, dactylogyriid life cycle and habitat variables contribute to high
infection intensities within individual fish. The long co-evolutionary history
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between dactylogyriids infecting Cyprinidae species is well documented
(Simkova et al. 2004, Simkova and Morand 2008, Shamsi et al. 2009).
Interestingly, this study revealed that Lais, a Siluridae fish species, appeared
to be more heavily infected by dactylogyriids than Java Barb. Fish respond to
parasites by activating either innate or adaptive immune responses (AlvarezPellitero 2008). Some cyprinid species have developed immunity to
dactylogyriids (Soylu et al. 2008), which could be the case for Java Barb. Lais
may yet to evolve such mechanisms and are consequently more susceptible
to parasitism.
Parasite prevalence, diversity and intensity within Lais and Java Barb
Lais caught in Danau Girang and Danau Kaboi oxbow lakes possessed the
most diverse parasite taxa. Factors including host immunity, parasite life
cycle, water temperature and velocity controlled a dramatic increase of
coexisting species within the community, keeping populations of each parasite
genus within a carrying capacity in their environment, resulting in a diverse
parasite community. Low parasite diversity was recorded within Lais at river
sites, where Monogenea; dactylogyriids were a domineering species.
Interestingly, parasite diversity infecting Java Barb was high in Koyah
tributary, a water body flowing predominantly through oil palm plantation, also
receiving effluent from 2 oil palm mills. The removal of riparian vegetation for
the expansion of oil palm plantation undoubtedly degrades the freshwater
ecosystem by reducing fish feeding and breeding grounds, increasing
sedimentation and chemical run off (Dudgeon et al. 2006). Being sensitive to
anthropogenic pollutants including heavy metals, mill effluent and agricultural
toxins, it is becoming more evident that alterations in fish parasite
communities could be used as indicators of environmental stress (Landsberg
et al. 1998). Parasite intensity within fish from Sungai Koyah was significantly
less than that of fish in Sungai Kaboi, a tributary flowing through rainforest.
However, as water quality could not be analysed in detail, it cannot be
concluded that a change in water chemistry brought about by pollution is the
cause of low parasite intensity. As there were no significant differences in
parasite diversity between sites located within oil palm plantation and
rainforest, it may be possible the entire water system within the Lower
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Kinabatangan Wildlife Sanctuary is polluted. A comparative study between
current study sites and a pristine freshwater habitat is essential. Dusek et al.
(1998) found that in polluted habitats, diverse parasite communities infecting
freshwater fish persisted with greater equitability than communities in a
controlled environment. This observation was similar to that seen in Java Barb
caught in Koyah tributary.
Co-infection interactions between parasite genera were identified in both
fish species. Interestingly, as Piscinoodinium intensity within the gills
increased, dactylogyriid intensity decreased. Upon establishment within the
gill filaments, Piscinoodinium exploits host resources by digesting fish tissues
(Ferraz and Sommerville 1998). Excessive mucous secretions produced by
the host within the gills could prevent the attachment of dactylogyriids.
Alternatively,

high

numbers

of

Piscinoodinium

simply

out-compete

dactylogyriids for resources, causing their decline. Piscinoodinium is
problematic particularly for the aquarium trade and cultured fish stocks,
causing ‘rust’ or ‘velvet’ disease within hosts, dramatically increasing mortality
within freshwater fish, including species endemic to Malaysia (ShaharomHarrison et al. 1981).
Interactions

were identified

between

Ciliophora; Tetrahymena

and

Trichodina. High prevalence and mean intensities of these ciliates were found
on fish caught within standing water, particularly Java Barb in Danau Girang
oxbow lake. As Trichodina intensity on Java Barb increased, Tetrahymena
decreased. The presence of Tetrahymena appeared to have no influence on
the occurrence of Trichodina, showing a one way interaction. For Lais, both
ciliates had positive correlations. As the number of one ciliate increased, so
did the other. This could be due to both ciliates reproducing exponentially at
similar rates, eventually reaching an equilibrium in which both occupied similar
sized niches. Trichodina infecting Java Barb could have been reproducing at a
much greater rate, thus eliminating Tetrahymena through competition.
Trichodina, but not Tetrahymena, were observed infecting the gills of both
hosts. This niche preference may have evolved as an avoidance mechanism
when space was a limiting factor on a host. Many Tetrahymena and
Trichodina species demonstrate ecto-commensalism (Corliss 1972), using a
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fish simply as a substrate for attachment. Nutritional resource competition
between each ciliate is unlikely due to different diet preferences. Tetrahymena
feed on bacteria suspended within water (Dopheide et al. 2011) whilst
Trichodina, a facultative parasite, feed on organic debris collected on the fish
surface, with certain species also exploiting host epithelial tissue. The latter
deteriorates fish health by inhibiting oxygen exchange within the gill,
consequently increasing mortality (Yao et al. 2011), which continues to be a
major problem in farmed fish stocks (Ferguson et al. 1987). Parasitism is
demonstrated by Tetrahymena when numbers escalate, causing irritation to
the host (Gomase et al. 2010). As Tetrahymena can be grown and
manipulated easily, they have importance as model organisms within
laboratory research (Nilsson 1989).
The effects of environmental variables on parasite fauna
Temperature is an important abiotic factor influencing parasite prevalence,
intensity and life cycles, particularly that of monogeneans (Ernst et al. 2005).
Elevated temperatures increase larval development and hatching rates, thus
increasing dactylogyriid intensity within hosts (Turgut 2001). The current study
revealed parasite intensity was greater at lower temperatures of around
26.5oC. Koyun (2011) concluded changes in parasite intensity were not
constant with temperature, and it was likely that seasonal change caused
dramatic variation in parasite intensity. Borneo experiences a wet and a dry
season annually, that have no distinct start and end points with a slow
transition between the two. The highest parasite intensities were recorded in
January, which had the greatest rainfall (553mm) of any month during the data
collection period (DGFC weather station, unpublished data). Increased
seasonal rainfall lowering water temperature could explain high parasite
intensities, particularly of monogeneans. Buchmann (1988) recorded that egg
development was greatly enhanced between 20-30oC, and although eggs did
develop at temperatures between 30-34oC, they failed to hatch. It is likely that
lower water temperature during January increased dactylogyriid generation
times, explaining the exceptionally high intensities recorded in Lais.
Buchmann’s (1998) conclusions could also be used to explain a reduced
number of dactylogyriids at temperatures of 28oC and above. Dactylogyriids
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have direct life cycles (Lackenby et al. 2007) and eggs are washed out of the
gill into the water where temperature dependant development occurs (Kearn
and Whittington 1991, Whittington et al. 1999). Although velocity did not have
a significant impact on parasite intensity, dispersal of parasite eggs and larvae
would have been greater during January. High water levels in the river could
aid transmission of monogeneans between host populations, or alternatively
reduce infection rate due to larvae being washed away prior to developing into
their infective stage, as reported by Saarinen an Taskinen (2004).
pH also had a significant influence on total parasite intensity. Under normal
flood conditions, as pH increased, mean parasite intensity also increased; an
observation supported by the work of Khidr et al. (2012) and Singhal et al.
(1986). This trend was reversed during January 2013, when low pH
recordings of pH 6.7 and pH 6.8 coincided with high seasonal rainfall and river
water levels, resulting in particularly elevated parasite intensities within Lais
caught at river sites 1 and 2. pH alone was not responsible for such high
parasite intensities. It is a combination of pH, temperature, seasonal rainfall,
and increased water levels that determine parasite intensity (Iyaji et al. 2009).
Furthermore, pH at localities throughout the year remained relatively uniform
at each site: oxbow lakes; pH 7.5, tributaries; pH 7.4 and river sites; pH 7.
Recordings of pH 6.7 and pH 6.8, occurring on random one off events, are
likely to have been sampling error as oppose to a natural process.
Habitat preference expressed by fish would have contributed to the
composition of the parasite community. Lais prefer fast flowing waters of
tributaries and river sites (Fields unpublished), and fish caught at these
locations displayed low parasite diversity, but high mean intensities especially
of dactylogyriids. Velocity at these sites would have promoted dispersal and
transmission of developing dactylogyriid larvae (Ray and Bartholomew 2013).
Lais density was greater at sites with high water velocity, increasing the
probability of larvae encountering and attaching to a new host. Lais caught in
standing water, such as that of oxbow lakes, were inf ected with low parasite
intensities representing a more diverse community. Suboptimal conditions
including standing water and elevated water temperatures (Simkova et al.
2004) reduced transmission and inhibited development of monogeneans,
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allowing for a diverse parasite community to establish itself within a host due
to less competition. Increased allochthonous input from the surrounding
riparian zone, and a build of organic detritus within a lake improved conditions
favoured by protists including Tetrahymena, Trichodina and Epistylis, all of
which heavily infected Java Barb. Interestingly, prevalence and intensity of
digenean metacercariae were also greatest in both study species within
oxbow lakes. Digeneans have complex life cycles involving a number of
intermediate

hosts

including

freshwater

fish

(Touch

et

al.

2009).

Metacercariae cysts are the penultimate developmental stage of digenean
trematodes (Maja et al. 2012). Identifying and understanding digenean fishborne trematodes is particularly important when parasite-human interaction
can occur. Ingestion of Opisthorchis viverrini cysts, a digenean trematode
utilising freshwater fish as an intermediate host, can lead to the development
of opisthorchiasis, a liver fluke disease in humans (Sripa 2003). The disease
is well understood in Thailand and Laos, (Wiriya et al. 2013, Manivong et al.
2009, Kobayashi et al. 2000) with only a few cases being reported in Malaysia
(Shekhar et al. 1995). If undetected, severe infections can lead to the
development of cholangiocarcinomas, a recurring cancer of the biliary tract,
which currently has no effective chemotherapy treatments (Thongprasert
2005). It is therefore essential in understanding trematode life cycles in order
to implement preventative treatments for such flukes, particularly when there
is a threat to public health.
Monogenean and digenean phylogenetics
The phylogenetic analysis indicated the possible presence of new parasite
species. However, without further morphological analysis, it cannot be
concluded whether parasite taxa investigated are new species, or belong to
already described species for which no sequences are available. This data is
an important contribution to enlighten the phylogeny of monogenean
dactylogyriids and digenean metacercariae parasitizing freshwater fish within
the KR.
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CONCLUSIONS
Diverse parasite communities infect Lais and Java Barb within the Lower
Kinabatangan watershed. A combination of host immune response, parasite
life cycles, co-infection interactions, locality and changes in environmental
variables are responsible for the composition of parasite communities infecting
fish. Project restraints including the absence of control sites and accessibility
to water quality assessment kits meant data was insufficient to draw any major
conclusions of how an anthropogenically modified riparian zone affects
parasite fauna. It is essential that a comparative assessment between current
study sites and a pristine freshwater habitat is conducted. Although a high
number of parasite taxa were identified infecting hosts, fish rarely showed
clinical signs of disease, suggesting that the presence of parasites within a
fish host is a common phenomenon which does not need rectifying. However,
the study has provided evidence that hosts are infected with parasites that
could potentially have detrimental effects on populations by increasing fish
mortality. Long term monitoring of fish health and abundance is required to
conserve freshwater fish within the KR. On-going morphological and genetic
analysis of monogenean and digenean samples will determine if paras ites
sequenced are new species. Sequenced parasite groups showed great
divergence between each other indicating that the true diversity of parasite
fauna is well under studied, and KR fish play hosts to exceptionally diverse
parasite fauna.
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APPENDICIES
Weather:

Number net casts:

Sample method:
Date:
Time:

Sheet no.
Surveyor:

Number of fish caught:

Site details:

Channel dimensions:

Site name
Site number
Habitat type
Habitat number
Coordinates
Velocity (m/s) ( )
Habitat
Margin
Central

1

pH
Margin
Central

1

Measurement
Bank width (m)
Water depth (m)

1

2

3

4

Average

Standing ( )
2

3

Average
Water clarity (1-5; 1= good, 5= poor),
comments:

2

3

Average

Bankside vegetation:

Bank structure:

Elephant Grass
Forest Closed Canopy
Forest Open Canopy
Bare - mudflat
Other

Submerged vegetation and branches
Tree roots
Undercut
Bare bank
Flooded breached bank
Level of pollution (1= high, 5= no signs of pollution):

Details i.e. Plastic bottles, discarded nets etc:

Appendix 1. Data collection sheet for habitat analysis in the field.
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Locality

Fish Family

Fish Species

DGOL

Cyprinidae

Cyclocheilichthys
repasson

Siluridae

Ompok
bimaculatus

Parasite
Group
Monogenea
Digenea
Ciliophora

Parasite Species

Dinoflagellata
Crustacea
Monogenea
Digenea
Ciliophora

DKOL

Cyprinidae

Cyclocheilichthys
repasson

Dinoflagellata
Crustacea
Monogenea
Digenea
Ciliophora

Siluridae

Ompok
bimaculatus

Dinoflagellata
Crustacea
Monogenea
Digenea
Ciliophora

SKT

SKoT

RS1

Cyprinidae

Cyclocheilichthys
repasson

Siluridae

Ompok
bimaculatus

Cyprinidae

Cyclocheilichthys
repasson

Siluridae

Ompok
bimaculatus

Cyprinidae

Cyclocheilichthys
repasson

Siluridae

Ompok
bimaculatus

Dinoflagellata
Crustacea
Monogenea
Digenea
Ciliophora
Dinoflagellata
Monogenea
Digenea
Ciliophora
Dinoflagellata
Crustacea
Monogenea
Digenea
Ciliophora

Dinoflagellata
Crustacea
Monogenea
Digenea
Ciliophora

Monogenea
Digenea
Ciliophora
Dinoflagellata
Crustacea
Monogenea

44

Dactylogyrus sp.
Metacercariae sp.
Trichodina sp.
Tetrahymena sp.
Ichthyophthirius multifiliis sp.
Piscinoodinium sp.
Ergasilus sp.
Dactylogyrus sp.
Diplozoon paradoxum sp.
Metacercariae sp.
Trichodina sp.
Tetrahymena sp.
Piscinoodinium sp.
Ergasilus sp.
Dactylogyrus sp.
Diplozoon paradoxum sp.
Metacercariae sp.
Trichodina sp.
Tetrahymena sp.
Epistylis sp
Ichthyophthirius multifiliis sp.
Piscinoodinium sp.
Ergasilus sp.
Dactylogyrus sp.
Diplozoon paradoxum sp.
Metacercariae sp.
Trichodina sp.
Tetrahymena sp.
Ichthyophthirius multifiliis sp.
Piscinoodinium sp.
Ergasilus sp.
Dactylogyrus sp.
Metacercariae sp.
Ichthyophthirius multifiliis sp.
Piscinoodinium sp.
Dactylogyrus sp.
Metacercariae sp.
Ichthyophthirius multifiliis sp.
Piscinoodinium sp.
Ergasilus sp.
Dactylogyrus sp.
Metacercariae sp.
Trichodina sp.
Tetrahymena sp.
Epistylis sp.
Ichthyophthirius multifiliis sp.
Piscinoodinium sp.
Ergasilus sp.
Dactylogyrus sp.
Metacercariae sp.
Trichodina sp.
Tetrahymena sp.
Ichthyophthirius multifiliis sp.
Dactylogyrus sp.
Diplozoon paradoxum sp.
Metacercariae sp.
Ichthyophthirius multifiliis sp.
Piscinoodinium sp.
Ergasilus sp.
Dactylogyrus sp.
Diplozoon paradoxum sp.

Prevalence
(%)
90
23
40
70
10
17
27
87
7
47
17
30
33
53
97
7
70
17
33
3
53
53
7
83
10
83
10
10
17
43
7
90
20
43
67
100
7
20
37
13
80
10
60
13
23
20
30
7
100
20
47
40
10
93
10
43
37
27
3
100
10

Mean
Intensity
27.9
1.0
13.4
173.3
0.2
3.6
0.1
14.9
0.1
5.9
2.1
3.2
4.1
1.1
12.9
0.2
25.2
2.4
4.8
0.1
4.7
5.9
0.1
44.1
0.1
37.5
0.3
1
0.2
3
0.1
23.2
0.4
49.1
5.8
120.3
0.1
0.4
1.6
0.2
7.5
0.2
21.3
2.7
68.9
0.7
19.1
0.1
134.3
0.6
12.6
3.5
0.1
22.9
0.1
9
1.7
3.6
0.2
353.2
0.1
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Cyprinidae

R1006

Cyclocheilichthys
repasson

Digenea
Ciliophora
Dinoflagellata
Crustacea
Monogenea
Ciliophora

Siluridae

Ompok
bimaculatus

Dinoflagellata
Monogenea
Digenea
Ciliophora
Dinoflagellata
Crustacea

Metacercariae sp.
Ichthyophthirius multifiliis sp.
Piscinoodinium sp.
Ergasilus sp.
Dactylogyrus sp.
Diplozoon paradoxum sp.
Trichodina sp.
Epistylis sp.
Ichthyophthirius multifiliis sp.
Piscinoodinium sp.
Dactylogyrus sp.
Metacercariae sp.
Trichodina sp.
Ichthyophthirius multifiliis sp.
Piscinoodinium sp.
Ergasilus sp.

47
50
27
23
83
10
47
3
33
20
100
17
20
3
3
7

12.6
0.8
1.7
0.6
4.6
0.1
0.6
0.2
1.1
1.4
688.4
0.2
0.4
0.2
0.7
0.1

Appendix 2. Prevalence and mean intensity of parasite groups infecting Cyclocheilichthys repasson and
Ompok bimaculatus at six sampling sites. DGOL: Danau Girang oxbow lake, DKOL: Danau Kaboi oxbow
lake, SKT: Sungai Kaboi tributary, SKoT: Sungai Koyah tributary, RS1: River Site 1 and RS2: River Site 2.
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