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A B S T R A C T

	 Anisakid nematodes are parasites commonly present in the marine environment. Parasites belonging 
to the family Anisakidae or the genus Anisakis can cause two different clinical manifestations: gastrointestinal 
disorders and allergic reactions known as anisakiasis. In this study, we examined 7,126 marine fishes belonging 
to four different commercially-important fish species; Rastrelliger kanagurta, Sardinella lemuru, Atule mate, 
and Selar crumenophthalmus for the presence of anisakid and other endoparasitic nematode infection. The 
fishes caught from Tayabas Bay were bought from three different landing sites from March 2017 to February 
2018. The gonads, liver, and stomach of each fish species were incubated for 12-18 hours for rapid isolation 
and endoparasite evaluation. After the isolation of parasites, anisakid nematodes were fixed in vials with 
70% ethanol for morphological analysis under the microscope. Six anisakid groups of genera, including 
Hysterothylacium, Terranova, Anisakis, Contracaecum, Raphidascaris, and Camallanus, and a non-anisakid 
group Echinorhynchus were identified. The results showed that the prevalence of anisakid infection in all 
species was 24.18 %, with a mean intensity of infection of 1.91. Rastrelliger kanagurta (Dalahican), Atule 
mate, and Selar crumenophthalmus were the most infected with 50.90%, 38.98%, and 30.52% prevalence rate, 
respectively, followed by Rastrelliger kanagurta (San Francisco) (24.18%) and Sardinella lemuru (7.46%). The 
collected data suggest that commercially-important fish caught in the Tayabas Bay waters are susceptible to 
parasitization by larvae of the genus Camallanus followed by Hysterothylacium and Terranova in their visceral 
organs. The prevalence of anisakid infection was almost similar between female (45.3 %) and male (47.21 %) 
fishes with a mean intensity of 1.95 & 1.96, respectively. Also, larger fishes were heavily infected with anisakid 
larvae than small fishes. Thus, the intensity and prevalence of the fish parasite can be used as a biological tag for 
benchmarking and stock assessment purposes.
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1 .  I N T R O D U C T I O N

Marine fish are known to be infected by many 
different parasites. Parasitic nematodes 
constitute one of the earliest known groups 

of helminths in fishes (Molnár et al. 2006). Anisakid 
nematodes (Nematoda: Anisakidae) are common 
parasites of marine fish used as definitive, intermediate, 
or paratenic hosts (Cruz et al. 2007). Some nematodes 
are endoparasites in marine mammals, sea birds, 
and fish, with four major anisakids known to infect 
marine fish (Dadar et al. 2016). Larvae of anisakid 
nematodes are a significant problem for commercial 
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fishing industries and are potential human health 
hazards, both as causative agents of anisakiasis 
and potential food-borne allergens (Daschner and 
Pascual 2005). Anisakids with economic and public 
health importance are Anisakis, Pseudoterranova, 
Contracaecum, genera of family Anisakidae (EFSA 
2010) while Hysterothylacium, the genus of family 
Raphidascarididae, is commonly considered not 
zoonotic (Iglesias et al. 2002), except for sporadic cases 
(González-Amores et al. 2015; Yagi et al. 1996). These 
are commonly found in the viscera and musculature of 
many teleost fish species (Costa et al. 2003).



	 In Europe, anisakid nematodes are the most 
relevant group of parasites in terms of consumer 
health risk and product quality, with Anisakis and 
Pseudoterranova as the genera of greatest concern 
because several species are considered a human 
health hazard (Mattiucci et al. 2017). Recent data on 
the possible use of anisakid nematodes have been 
presented as biological indicators of a) the definition 
of fish stocks within a multidisciplinary approach, b) 
integrity and stability of trophic webs, and c) habitat 
disturbance (Mattiucci and Nascetti 2008). They are 
also playing an essential role in marine ecosystems 
by affecting their hosts’ population dynamics (Rohde 
1993). The information on marine fishes’ food habits, 
such as the predator-prey relationship, is useful to 
assess the role of marine fishes in the ecosystem 
(Bachok et al. 2004).
	 With increasing interest in fish production, 
parasite infestations are becoming a threat to fish 
health management. Thus, limited studies on the 
infection of endoparasitic nematodes in Philippine 
waters, especially in Tayabas Bay, encouraged the 
authors to perform parasitological studies.
	 The general objective of this study is to 
generate baseline data on the anisakid and camallanid 
worms found in commercially-important species 
as biological indicators in the formulation of 
policies for the sustainable management of Tayabas 
Bay. Specifically, the authors aimed to identify the 
occurrence of parasites infecting the commercially-

important marine fishes; to assess the prevalence, 
abundance, and intensity of endoparasitic nematodes 
infecting marine fishes at Tayabas Bay; and to correlate 
the sex, length, weight, and gonadal stage of the 
marine fishes with the number of parasitic infections 
at Tayabas Bay.

2 .  M A T E R I A L S  A N D  M E T H O D S

2.1 Study area

	 Tayabas Bay is one of the major fishing 
grounds in the CALABARZON Region. It has the 
second largest area in the region by 2,213 km2 next 
to Lamon Bay with 2,838 km2. The bay covers 16 
municipalities and one city in three provinces: Quezon, 
Marinduque, and Batangas. In Quezon Province, 
Lucena City is the only city along Tayabas Bay; the 
11 municipalities are Agdangan, Catanauan, General 
Luna, Macalelon, Mulanay, Padre Burgos, Pagbilao, 
Pitogo, San Francisco, Sariaya, and Unisan. It consists 
of 121 coastal barangays, which include the study area, 
namely Barangay Matandang Sabang Kanluran of 
Catanauan (13°58’65.89” N latitude & 122°27’11.33” 
E longitude), Silongin and Inabuan, Poblacion and 
Cawayan I of San Francisco (13°34’33.21” N latitude & 
122°51’82.19” E longitude), and Barangay Dalahican 
(13°90’33.23” N latitude & 121°62’26.19” E longitude) 
of Lucena, as shown in Figure 1.

Figure 1. Map of Tayabas Bay showing commercially-important fishes sampling sites where sampling for this study was undertaken.



2.2  Sample Collection and Preparation of Fish Sample

	 We collected samples of Bali sardine (Sardinella lemuru), Yellowtail scad (Atule mate), Bigeye scad 
(Selar crumenopthalmus), and Indian mackerel (Rastrelliger kanagurta) (Figure 2) in three landing sites of 
Tayabas Bay, specifically at Dalahican, Catanauan, and San Francisco, Quezon Province (Figure 1). The selection 
of fish samples depends on the abundant catch of the most operated fishing gears in the respective sampling area 
that are available whole-year-round. Sampling size varied among fish species and sampling localities. In general, 
smaller sized species like sardines were sampled and examined in large quantities compared to medium-sized 
species such as scad and mackerel (Table 1).

Figure 2. Commercially-important fishes of Tayabas Bay.
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large, orange-brown capsule typical on the genus, i.e., 
consisting of two sclerotized lateral valves internally 
supported by longitudinal ridges and each bearing two 
short sclerotized plates at anterior margin, short basal 
ring, and well-developed dorsal and ventral tridents.
	 The genus Raphidascaris were identified as 
whitish nematodes with well-defined lips, cuticle with 
transverse striations and mucron, absent inter labia, 
muscular esophagus, and broader posteriorly than 
anteriorly representing 8.5-13.31% of its body length 
(Jahantab et al. 2014). Hysterothylacium is considered 
one of the largest of the ascaridoid genera parasitizing 
fish; these species have lips with lateral flanges, deep 
post labial grooves, inter labia and elongate intestinal 
caecum, pyriform ventriculus, long sac-like ventricular 
appendix, an expanded filamentary excretory system, 
and excretory pore near the nerve ring (Raffel and 
Anderson 2009).
	 The genus Anisakis were classified mainly 
based on the shape and length of the esophagus’s 
glandular part (ventriculus) and the absence of the 
intestinal caecum and ventricular appendix (Abou-
Rahma et al. 2016). Contracaecum spp. are parasitic 
nematodes known to have highly pathogenic impacts 
on wildlife (fish, birds, marine mammals) and humans. 
As the genus’ name suggests, these nematodes have two 
oppositely-directed caecae as part of their digestive 
system. They also have an excretory pore located at 
their anterior end. These should be considered the 
most significant morphological characteristics when 
differentiating Contracaecum species from the rest 
of the anisakid nematodes because they are the most 
consistent at all developmental stages (Shamsi 2019). 
British explorers Leiper and Atkinson established the 
genus Terranova in 1914. Features of this nematode 
were large simple labia, an intestinal caecum that is 
slightly longer than the cylindrical ventriculus (Sprent 
1970), and the absence of inter labia (Shamsi et al. 
2019).
	 The genus Echinorhynchus is a member 
of the Palaeacanthocephala, an order which can 
be differentiated from the others by the following 
characteristics: definitive host habitat, two to eight 
multinucleated cement glands; sub-cuticular nuclei as 
numerous amitotic fragments or few highly branched 
nuclei; closed proboscis receptacle with two muscle 
layers and a single ligament sac (Wayland et al. 2015).

2.6 Statistical Analysis
	
	 The prevalence, mean intensity, and 
abundance of parasites present in different marine 
fishes were calculated using the formula proposed 

by Margolis et al. (1982) and Bush et al. (1997). The 
measures of parasitic infection referred to in this study 
are prevalence (which is the number of fish infected 
divided by the number of fish examined, expressed 
here as a percentage) and mean intensity (the average 
intensity of a particular species of parasite among the 
infected members of a specific host species). In other 
words, it is the total number of parasites of a particular 
species found in a sample divided by the number of 
hosts infected with that parasite. The mean abundance 
is the total number of parasites of a specific taxon 
found divided by the total number of fish examined. 
The infection rate was calculated by dividing the total 
number of the larvae detected with parasite species 
by the total number of the host species (infected + 
uninfected) in the sample, multiplied by 100.
	 Summary statistics of prevalence, intensity, 
abundance, and infection rate of the parasites were 
generated. For further analysis, the Kruskal-Wallis 
test was used to determine the significant differences 
in the median number of parasites per sex, gonadal 
stage, and fish species. If the Kruskal–Wallis test is 
significant, Dunn’s test was performed to determine 
which levels of the independent variable differ from 
each other; it is the pairwise comparison of the median 
test. Similarly, the Chi-square test of independence 
was used to determine if the species of fish and 
parasites are associated with each other. Furthermore, 
the relationship between explanatory variables (sex, 
species, gonadal stage, weight, and length of fish) and 
dependent variable (number of parasites) was tested 
using Quantile Regression Analysis.
	 The obtained data were then analyzed using 
Kruskal-Wallis, Dunn’s test, Chi-square test (R version 
4.0.1 package), and Quantile Regression Analysis in 
Stata Version 12.0.

3 .  R E S U L T S

	 The study results focused mainly on the 
identification, occurrence, and distribution of 
zoonotic anisakid species in the visceral parts of fish. 
The results showed that the prevalence of infection 
across all fish samples examined was 24.18% (1,723 
infected out of 7,126 fish examined). We identified 
seven parasitic groups belonging to four families 
(Camallanidae, Rhapidascaridae, Anisakidae, and 
Coreidae); six anisakid nematodes (roundworms) 
and one acanthocephalan (thorny-headed worms) 
(Figure 3). All fish species infected were particularly 
parasitized by those under the family Anisakidae. 
These were found mostly in the body cavity attached 
to the surface of visceral organs.



Figure 3. Images for the representative genera of parasites.



	 Results showed a 43.04% infection rate in all 
the fishes examined. It was established that among the 
number of fishes infected by parasites, 3,067 (2,508 
nematodes; 51 acanthocephalans; 508 composed of 
not identified and broken parasites) were recorded. 
The highest prevalence (50.90% and 38.98%), mean 
intensity (2.56 and 2.53), and mean abundance (1.32 
and 0.96) were observed in Rastrelliger kanagurta 
(Dalahican) and Atule mate, respectively, which 
were found to be dominantly infested with genus 
Hysterothylacium and Camallanus. A total of 914 
specimens belonged to the genus Camallanus from 
the Camallanidae family, which was reported to 
be the most dominant family in terms of parasite 
infestation, followed by Rhapidascaridae, Anisakidae, 
and Coreidae.
	 The Rastrelliger kanagurta (San Francisco) 
was the longest and heaviest, with length and weight 
of 24.13 centimeters and 156.79 grams, respectively. 
The Sardinella lemuru has the least length and weight, 
with a mean length and weight of 13.62 centimeters 
and 23.15 grams, respectively. For the intensity of 
infection, both Atule mate and Rastrelliger kanagurta 
(D) have a median number of parasites of two (2 
parasites). In contrast, Rastrelliger kanagurta (SF), 
Sardinella lemuru, and Selar crumenophthalmus have 
a median number of parasites of one (1 parasite).
	 The infection of anisakid parasites varied 
according to fish body weight. A high percentage was 

detected with body weight ranges from 129-153 grams 
(20%) followed by body weights 105-129 grams (18%). 
Similarly, fishes with lengths 21.7-23.9 cm, 19.4-21.6 
cm, and 23.8-26.1 cm showed a higher percentage of 
parasites, 29%, 25%, and 21%, respectively.
	 At a 5% level of significance, we have 
sufficient evidence to say that at least one of the sexes, 
gonadal stages, and species had a different median 
number of parasites. Moreover, it was found that the 
median numbers of parasites of male and female fishes 
do not significantly differ using Kruskal-Wallis and 
Dunn’s test. Subsequently, the median numbers of 
parasites at gonadal stage 5 do not significantly differ 
from the other gonadal stages. The median number 
of parasites of Atule mate and Rastrelliger kanagurata 
do not significantly differ; only Sardinella lemuru and 
Selar crumenopthalmus differ from the other species.

4 .  D I S C U S S I O N

	 Mixed infections had been reported among 
other helminthic parasites in different fish species 
(Varjabedian 2005). The present study observed that 
all species examined were infected with anisakid 
larvae (Figure 5). However, two fish species were 
infected by the family Anisakidae. This agrees with 
previous studies that reported that Anisakidae 
Skrjabin and Karokhin 1945 is a major family among 
the most reported larval parasites in fishes (Mattiucci 
and Nascetti 2008; Klimpel and Palm 2001).

Figure 4. Frequency of a) infected fishes and b) number of parasites based on sex and species.



Figure 5.  Summary of preliminary helminth data from commercially-important fishes collected at Tayabas Bay from March 
2017-February 2018. Camallanus (Ca); Hysterothylacium (H); Pseudoterranova (P); Anisakis (A); Contracaecum (Co); Raphidascaris (R); 
Echinorhynchus (E); including the not identified (NI) species.

	 In the present study, the prevalence of four 
fish species examined reached 24.18%. It was revealed 
that the prevalence of anisakid infection was almost 
similar between female (45.3%) and male (47.21 
%) fishes with a mean intensity of 1.95 and 1.96, 
respectively.
	 Rastrelliger kanagurta (Dalahican) showed a 
high infection rate (131.57%) due to a high number 
of parasites detected over the total examined 
fish, followed by Atule mate (95.56%) and Selar 
crumenophthalmus (40.27 %). Arthur et al. (1982) 
reported that the infection rate of larval anisakids 
varied with geographic location. Results showed that 
Rastrelliger kanagurta from Dalahican was higher than 
in San Francisco in terms of prevalence, intensity, and 
infection rate. It could be due to the uneven number of 
infected fish. MacKenzie et al. (2008) agreed that when 
the parasite fauna of two populations of the same fish 
species sampled from two different geographic areas 
is diverse, it means that the life-histories of those fish 
samples were different. It was revealed in the results of 
this study that different infection levels of the same fish 
species are different from each geographic location. 
Many studies gave variations in infection intensity 
among individual fish within a certain geographic 
area. Several ecological factors and host attributes 
can influence the number and diversity of parasites 
infecting hosts at the individual level (Cirtwill et al. 
2015). In fish, these factors may include age or size, the 
number of different prey consumed, prey selectivity, 

habitat, etc. (Poulin 2000; Johnson et al. 2004; Locke 
et al. 2014). Cipriani et al. (2017) reported that specific 
oceanographic or ecological factors at the actual 
fishing area have a greater effect on the certain parasite 
infection level than specific fish host characteristics 
such as body size.
	 The results indicated no significant differences 
between the prevalence of anisakid infection and the 
body length of fishes. This finding agreed with Olurin 
et al. (2012) but disagreed with others (Khanum et 
al. 2011; Dan-Kishiya et al. 2012; Yakhchali et al. 
2012; Esiest 2013; Idris et al. 2013). The relationship 
between parasite infection and host body length 
varied according to host and parasite (Hila Bu and 
Leong 1999). The study revealed that parasite diversity 
depends on the size of its host. The larger the fish host, 
the larger sizes of parasites collected compared to 
small fishes. Among the four commercially-important 
fish sampled, Sardinella lemuru, measuring 9.4-19.3 
cm in total length, had the smallest number and size 
of parasites compared to larger fishes like Rastrelliger 
kanagurta, Selar crumenophthalmus, and Atule mate 
measuring 12.1-30.6 cm, 15.7-27.1 cm, and 11.3-28.9 
cm, respectively. This was attributed to the variation 
of fish length and the feeding upon crustacean as 
intermediate hosts or due to an accumulation of 
parasites in the host in its life (Bussmann and Ehrich 
1979) or variations of fish diet (Valero et al. 2006). The 
shift in the dietary preference with age or size of the 
fish samples illustrates that size can also be an essential 



determinant of helminth richness and abundances 
in fish hosts (Johnson et al. 2004; Poulin and Leung 
2011).
	 The body weight had an effect on the 
prevalence of anisakids and total infected fishes. This 
finding agreed with Yakhchali et al. (2012). Based on 
the quantile regression plot (Figure 6a), the explanatory 
variables (sex, species, gonadal stage, weight, and 
length of fish) do not contribute to the variability in 
the intensity of infection for the fishes that do not 
have a high number of parasites. This implies that the 

mentioned variables of fishes having small numbers of 
parasites and the infection intensity are independent. 
However, for fishes having a high number of parasites, 
the weight, species, and gonadal stage of fish started to 
have a significant effect on the intensity of infection. 
These variables have positive effects on the intensity 
of infections except for Sardinella lemuru, which has 
a negative effect on the intensity; that is, the number 
of parasites is less on this species. On the other 
hand, fishes’ sex and weight do not have a significant 
contribution to the intensity of infection of fishes at 
any number of parasites.

Figure 6. Scatterplot of a) weight (g) vs number of parasites, b) weight vs number of parasites per sex (Female=F, Juvenile=J and Male=M), 
c) weight vs number of parasites per species, and d) weight vs number of parasites per gonadal stage.



	 For fish with low numbers of parasites, plots 
are scattered (Figure 6c). The weight does not seem 
to contribute to the number of parasites; however, 
for Atule mate with a high number of parasites, 
the weight seems to positively affect the number of 
parasites. Thus, body weight affects the prevalence of 
anisakid larvae parasites and total infected fish. Other 
illustration shows that when fish have low numbers of 
parasites, weight does not contribute to the number 
of parasites. However, for fish with a high number of 
parasites, the weight seems to have a positive effect on 
the number of parasites for both male and female fish
(Figure 6b). In Figure 6d, the plots are scattered for 
fish with low numbers of parasites. The weight does 
not seem to contribute to the number of parasites. 
However, except for gonadal stage 5, fish with a high 
number of parasites, the weight seems to have a positive 
effect on the number of parasites. The prevalence 
increased with increasing the fish body weight, which 
may be due to the increase and growth of the internal 
organs of the hosts leading to the increase in the 
surface areas of infection as suggested by Hagras et al. 
(1995), or could be due to exposure time of infection 
(Muzzall et al. 1990).
	 The identification of parasitic nematodes on 
the commercially-important fishes of Tayabas Bay 
and an indication of its abundance reveals that these 
zoonotic parasites contribute as a biological tag for fish 
stock assessments. Quiazon (2015) discussed that the 
basic principle on the use of parasites as a biological 
tag is that a fish becomes infected by a parasite species 
only when it is in the endemic area of that parasite. The 
endemic area of the parasite is the geographical region 
where the abiotic (temperature and salinity) and biotic 
(presence of suitable intermediate and definitive hosts) 
factors are ideal for the transmission and completion 
of its life-cycle (Quiazon 2015). All sample species 
in this study are inhabited in coastal bays (pelagic 
fishes) but vary by the use of fishing gears operated in 
the area. Thus, the results showed a higher infection 
rate of anisakids on fishes caught by gillnets (bottom 
set gillnet, drift gillnet), particularly in R. kanagurta 
from Dalahican, followed by A. mate from Catanauan, 
which also uses gillnets and hook and lines. A higher 
prevalence of anisakid infestation depended on the 
hosts’ availability in the region, the parasite’s ability 
to complete its life cycle, its food ingested, and to the 
water column layer inhabited; bottom versus pelagic 
(Palm et al. 2007).
	 Quiazon (2015) assumes that when a fish 
population is found infected by a parasite species, it 
means that the fish has spent part of its life-history 

in the parasite’s endemic area, where fish behavior 
and feeding habits could result in different infection 
levels by that parasite species. In terms of parasite 
infestation, at a 5% level of significance, this study has 
sufficient evidence to say that the fish species and the 
identified parasites are not independent. This means 
that a certain type of fish species is likely to have more 
of a certain parasite type. Hence, a parasite can be used 
as a suitable biological tag for fish stock identification 
when its geographical distribution and life-cycle are 
known and when the parasite’s residence time in the 
host is long enough compared to the lifespan of the 
fish host (Quiazon 2015). In this sense, the parasite 
as a biological marker reflects the fish population’s 
geographic origin on a spatial scale. Indeed, the 
genetic or molecular markers define the stock on 
the evolutionary temporal scale, while the parasite 
taxa characterize the stock on a geographical scale 
(Mattiuci et al. 2014).
	 Since nowadays, the use of parasites as 
“biological tags” has become a useful tool, mainly 
concerning species with a high commercial value 
in fisheries (Quiazon 2015), parasites can provide 
ecological information on the origin, migration, 
nursery ground, and life-history of the fish species 
(Thomas et al. 1996). Parasites have also been 
considered favorable biological tags for discriminating 
different stocks or populations of marine fishes. 
Anisakid larvae have been reported as a useful tool 
for stock recognition of fishes in Europe and Asia 
(MacKenzie 2002; Quaizon et al. 2011; Mattiuci and 
Nascetti 2008).

5 .  C O N C L U S I O N

	 In conclusion, it is found that the 
commercially-important fishes caught in Tayabas Bay 
harbor seven distinctly identified helminth parasites 
belonging to the genus Anisakis, Hysterothylacium, 
Contracaecum, Pseudoterranova, Raphidascaris, 
Camallanus, and Acanthocephala. Nematode larvae 
of the genus Camallanus and Hysterothylacium are 
common parasites in Rastrelliger kanagurta, Selar 
crumenophthalmus, Atule mate, and Sardinella lemuru, 
all of which are consumed mostly by the people in the 
area.
	 The infection rate of Rastrelliger kanagurta 
at Dalahican is higher than in San Francisco, which 
may be caused by the urbanization affecting the water 
quality in the area. Further studies on geographical 
characteristics should be conducted to assess the 
intensity and infection rate of different areas.



	 The identification of parasitic nematodes on 
the commercially-important fishes of Tayabas Bay, 
as well as an indication of its abundance, reveals that 
these zoonotic parasites contribute as a biological 
tag for fish stock assessments. Hence, it is needed to 
correctly identify the parasites before they can be used 
as biological tags. Generally, anisakid larvae are very 
difficult to identify to species level using morphology 
due to the lack of character variation. The larva will 
then be identified at species-level when they reached 
the adult stage, wherein they are already described 
and genetically categorized. The results of this study 
suggest that commercially-important fishes caught 
in Tayabas Bay waters are morphologically identified 
and susceptible to parasitization of larvae of genus 
Camallanus followed by Hysterothylacium and 
Terranova in the visceral organs.
	 At present, these parasites do not cause 
a significant public health problem among the 
population in Quezon Province, particularly those 
residing near the Tayabas Bay waters. This is due to 
locals’ dietary habits not favoring the consumption of 
raw or improperly cooked fish. However, it is necessary 
to be more careful in using them for beneficial 
purposes in improving fishery products, food safety, 
and security. Also, another year of sampling with 
an even quantity of samples is recommended for 
further studies. Following the recommendations on 
using a combination of morphological and molecular 
analysis may, therefore, be more robust for identifying 
and discriminating final species of parasite taxa and 
should be considered in future studies using parasites 
as biological tags.
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