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Abstract

Yellow Tail Snapper (Ocyurus chrysurus) is one of the most consumed fishes in the
country of Belize. To prevent its population from becoming threatened, as seen for other
snappers in the area, it is important to keep track of its abundance and health. An ongoing
monitoring system needs to be set up as part of a strategy to manage fish populations.
This system should include investigating parasites of this fish. Uncontrolled parasite
proliferation can be detrimental to both the host and the environment. There are no
updated studies regarding the identity and prevalence of parasites of this fish in Belizean
waters. This study aims to contribute to the creation of a body of data that documents the
identity, types, and abundance of parasites of Yellow Tail Snappers found in Belize. In
order to assess the current situation of parasites on Yellow Tail Snappers, a quantitative
analysis of ectoparasites and endoparasites on the body of forty O. chrysurus individuals
was conducted within the South Water Caye Marine Reserve, Belize. The specimens were
collected from a local fisher and examined both internally and externally. Organs were
removed from each individual, and their tissues were examined for the presence of
observable parasites. The results showed a relatively healthy population of fishes, with
75% of the fishes having at least one observed parasite. The most abundant parasite was
Cymothoa exigua found in the oral cavity of 50% of the samples. Isopods were also found
in the gills, and digeneans and other helminths were found in the stomach and gut of
many samples. Statistical analysis was done on the forty fish obtained from four sites
(ten individuals from each site) from the Reserve. The results suggested that there was no
correlation among the sites and the overall incidence of parasites was low. Together, the
4 sites can potentially represent the abundance of macroscopic parasites in O. chrysurus
found in the General Use Zone of the South Water Caye Marine Reserve.
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Introduction

It is estimated that close to 50% of Belize’s population lives near the coast and over 190, 000 are dependent
on tourism and fishing (Oceana, 2020). A large fraction of the country’s population is accustomed to
consuming various marine products such as fish, conch, seaweed, and several different invertebrates
(Oceana, 2020). Unfortunately, according to the 2022 Mesoamerican Reef Report (McField et al., 2022)
the “Critical Commercial fish biomass” (composed of larger fish species such as snapper and grouper) has
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declined over the past two years causing the Reef Health Index (RHI) to fall from fair to poor in the region.
The presence of marine protected areas, such as the South Water Caye Marine Reserve, contributes to the
conservation of fish populations; however, more active involvement seems to be needed as these
populations continue to be on the decline (Belize Fisheries Department, 2018). Currently, like many of the
other seafood, the snapper fishery in Belize is not systematically assessed (Oceana, 2020) as compared to
the lobster and conch fisheries. The abundance data for studied fish species like the snapper are often
bundled together and reported as one group. The cause of the fish decline is therefore not clear and may be
due to a reduction of several or just one of the more abundant species (Oceana, 2020). Yellow Tail Snappers
(O. chrysurus) are a smaller species of snapper measuring about 14 inches and weight 2 to 3 pounds, in the
past twenty years, they have been more abundant than the larger snapper species like the Lutjanus
campechanus or commonly known as red snapper (Oceana, 2020). However, with the decline of snappers
in general, there has been an increase in fishing of this species, hence it’s important to also monitor the
populations of this snapper (Begossi et al., 2011). Belize supports a variety of marine habitats, including
mangrove forests, seagrass meadows, and coral reefs. A wide variety of finfish species, which are significant
both ecologically and commercially, are supported by these environments (Cooper et al., 2009). Belize has
recently developed a management plan to help sustain finfish species, as with the others, which will require
monitoring of populations of finfish to ensure healthy ecosystems and sustainable fishery extraction
(United Nations Conference on Trade and Development, 2022). Additional management plans can include
keeping track of their growth and reproduction as well as their general health. This includes looking at any
disease and parasite infestation that may be threatening the species.

It is not uncommon to find parasites residing on or in marine organisms (Rohde, 1984). Parasitism, like
many other symbiotic relations, is a natural part of any healthy ecosystem and is considered to be important
for biodiversity and production (Hudson et al., 2006). Parasites exist in a close interspecific relationship
with another organism (the host). The parasite benefits from and is dependent on, the host at the expense
of the host (Gunn, 2012). Although they do not normally directly kill the host, parasites can weaken it by
destroying its tissues, reducing its blood, and diverting its nutrients, causing the host to be highly stressed
(Misganaw and Getu, 2016). Continued stress can eventually result in the host’s death (Gunderson, 2008).
Due to their mode of interaction, the presence of parasites is often seen in a negative light; however,
parasitism begins to be problematic only when their populations cause a decline in the host population
(Ebert et al., 2000). This in turn can have other indirect impacts on the environment with which the host
interacts (Dunn et al., 2012). Another concern regarding parasites is their potential impact on human
health, for example, if eaten raw or improperly prepared, seafood containing parasites may result in the
transferal of the parasite to the human consumer and cause diseases associated with microbial origin
(Institute of Medicine (US) Committee on Evaluation of the Safety of Fishery Products, 1991). This has been
seen most often with parasitic worms which can cause problems such as anisakiasis, diphyllobothriasis,
tapeworms, and roundworms (Burrows, 2013). It should be noted, however, that when cooked properly,
these organisms generally pose a limited threat to humans. Most parasites are host specific and only affect
a specific species of organisms or close relatives of the species. This is due to the evolutionary adaptions
needed for the parasite to live, which varies among the host species (Gunn, 2012). Nevertheless, because of
their importance both within the marine environment and within the lives of those that depend on food,
finance, or both, fishes are a critical organism to study to determine the potential risk for the transfer of
pathogens from fish to humans (Klimpel et al., 2019).

Parasites are smaller than their host, and one single parasite does not often significantly affect the health
of a fish (Barber, 2005). An otherwise healthy host will often compensate for the presence of the parasite
by increasing its consumption of nutrients to replace what is consumed by the parasite (Barber, 2005).
However, if a single host is infested by multiple parasites, it may not be able to sufficiently counter the
demands on its body (Gunn, 2012). Parasite quantity within aquatic organisms can also act as an indicator
regarding the ecology and movement of marine animals and the conditions of their habitats (Nachev and
Sures, 2016). The aquatic environment allows for the easy dispersal and reproduction of many parasitic
animals (Cavalcanti et al., 2011). When compared to other vertebrates, fishes tend to have more parasites
due to their environment and their proximity to one another (Leung, 2014). Parasite communities can be
used to identify the cohabitation of fish species (Leung, 2014). Parasites can affect fish mortality by reducing
the growth rate and meat quality while eliciting changes in behavioral patterns, thereby making the host
more susceptible to more pathogens (Lim, 1992).



Quantitative Analysis of Parasites Found in Yellow Tail Snappers (Ocyurus chrysurus)

O. chrysurus belongs to the family Lutjanidae and is the only member of the genus Ocyurus (Greek for
"quick tail"). It can be identified by its streamlined body, deeply forked tail, and the yellow lateral band that
extends from its snout to its tail which is entirely yellow with scattered yellow spots above the band (figure
1). This yellow color is the origin of its namesake a “yellow tail snapper.” It can be found in coastal waters
near coral reefs in the Western Atlantic and extending to the Gulf of Mexico. This fish typically ranges
between 15-40 cm in length and 4kg in weight (Luna, 2017). It possesses a two-phase recruitment process;
juveniles have high post-settlement mortality and are relatively sedentary, staying mainly in mangrove
habitats, while adults form large schools within coral reefs (Zajovits, 2021). It is a generalist carnivore;
consuming smaller animals such as fishes and invertebrates (Luna, 2017). Unlike other snappers, yellow
tails have been seen feeding both at night and opportunistically during the day (Longley and Hildebrand,
1941; reported in Zajovits, 2021). It is a commercially important species that numerous countries have
farmed for recreational sport fishing, aquarium displays, and as a source of food (Luna, 2017). Despite this,
there is still a significant lack of data relating to critical life-history parameters such as reproduction, growth
rate, school movement, and age (Branch et al., 2011). The most common parasite of O. chrysurus is the
isopod Cymothoa exigua, known as the “tongue eating louse”. O. chrysurus is also often inhabited by
numerous parasitic worms. This paper will focus on initiating documentation of parasitic occurrences in
Yellow Tail Snappers.

Methods

The southern waters of Belize are home to many fishing communities which inhabit the nearby islands and
coast (Oceana, 2020). Along the coast, it ranges from the town of Dangriga in the Stann Creek District to
Punta Gorda in the Toledo District and encompasses the lagoons of Placencia, extending outwards to the
islands offshore of Toledo and Stann Creek (Remote Sensing Solutions Gmbh, 2016). Fishing is often a
major source of income and food for populations in this area (Oceana, 2020). The South Water Caye Marine
Reserve (SWCMR) was established in 1996 by the fisheries department and is the second-largest marine
reserve in Belize (Wildtracks, 2009). It is one of seven protected areas that form the Belize barrier reef,
which has been designated as a World Heritage Site by UNESCO (Wildtracks, 2009). SWCMR is located in
the southern waters of Belize within the Mesoamerican reef between the town of Dangriga and the village
of Placencia (Wildlife Conservation Society, 2008). It was formed due to its rich biodiversity of flora and
fauna to preserve the wildlife in the nearby waters (Wildlife Conservation Society, 2008). The Reserve
consists of three zones: the Preservation, Conservation, and General Use Zones, including numerous
islands. Zones are classified based on allowed use (Wildlife Conservation Society, 2008). The General Use
Zone is designated for recreational use, research, and fishing, the Conservation Zone only allows
recreational use, no extractive activity; and the Preservation Zone allows no activities at all (Wildlife
Conservation Society, 2008). Part of the goal of zoning is to protect spawning sites for many aquatic animals
(wildlife Conservation Society, 2008). This allows the General Use Zone to often have higher fish
populations than outside the reserve hence many fisherfolks can benefit from this plan (Wildlife
Conservation Society, 2008). The fish samples were taken from four sites located in the General Use Zone
of the SWCMR, as seen on the map (Figure 2) (Wildlife Conservation Society, 2008).

Figure 1: Ocyurus chrysurus (yellow
tail snapper) (Photo credit Jeanne Solis).
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Figure 2: Sample sites in the SWCMR. Sites were in the General Use Zone which is designated for
recreational use, research and fishing. In the Conservation Zone, only recreational use is allowed,
no extractive activity. No activities are allowed in the preservation zone (Map credit Dylana
Nicholas).

Fish samples and location coordinates were collected with the assistance of a local fisherman from the
Dangriga market. At each of the four sample sites, 10 samples were collected and reserved for analysis.
This resulted in a total of 40 samples. Sample collection was done at fortnight intervals, spanning a two-
month period from February to April 2022. The fish samples were taken to the University of Belize and the
Stann Creek Ecumenical Junior College laboratories for examination.

The methodology used for parasite identification was based on the work of Klimpel et al. (2019). Primary
morphometric data including total length, standard length, and total weight were recorded. A macroscopic
examination of the outer surface of the fish (body surface, eyes, gills, nostrils, anus, and mouth cavity) was
conducted and any visible signs of ectoparasites were recorded. The gills and operculum were removed and
examined, then the tunic fibrosa bulbi of the fish eyes were punctured and the eye fluid was collected and
inspected. Each fish was dissected by cutting laterally from the anus to the isthmus. When isopods were
encountered, their location was noted, then they were removed using tweezers and the abundance in the
individual fish was recorded. The internal organs were removed and each was examined with both a
stereoscope and a microscope for the presence of parasites.

Images were taken to document various parasites observed. Parasites were classified based on type, location
in the fish body, and the fish sample site. An ANOVA was done to determine whether there were any
statistical differences in parasite abundance between all four sites. The fish were divided into two groups
based on their distance from the mainland. Sites two and four were labeled as West (these were a little
closer to the coast), and sites one and three were labeled East (these were a little further from the mainland).
It was speculated that fisherfolk would likely prefer sites that were closer to the coast as further trips would
be more costly in terms of fuel. If yields were not as great, then they would venture further out. With this
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in mind, a T-test was done to determine if there were any statistical differences between parasite quantity
and the two sample groups.

Results

For the surveyed sample population of O. chrysurus, the total weight ranged from 109.1 g to 374.6 g with
an average weight of 181.1 g. Total length ranged from 22 cm to 32 cm with an average of 25.7 cm. Sex
distribution showed a 14% difference with 43% being male and 57% female. Using a cut-off length at
maturity of 25 cm, 38 % of samples were classified as juveniles. Figure 3 summarizes the sex and maturity
of the total population of yellow tail snappers collected.
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Figure 3: Sex and maturity of Ocyurus chrysurus sample population: 20%
were adult males, 22.5% were juvenile males, 42.5% were adult females,
and 15% were juvenile females.

Parasites found on fish were classified as ectoparasites or endoparasites based on their location on the body.
Ectoparasites are found on the external surface, while endoparasites are found within the host’s cavities or
in internal organs (Klimpel et. al., 2019). A total of 84 individual multicellular parasites were observed
distributed among the 40 individuals of O. chrysurus samples. The only ectoparasite observed was the
Cirolanid isopod found on fish 3, site 2 (figure 4 A). The Cirolanid isopod was also detected along the body
surface of 3 other individuals (~8%). Endoparasites were not detected in the internal body cavity, liver,
gonads, or kidneys of any of the fish samples. Twelve isopods were found in the gills of four fishes from site
3 (Figure 4 B). However, over 50% of the fish samples had Cymothoa exigua (an Isopod) in their oral
cavities (Figure 4 C). Fishes from sites 3 and 4 were at the higher end of the results with 90% and 100%
infestation of C. exigua respectively, while site 1 had 60% and site 2 had 20%. C. exigua were encountered
as male-female pairs in a majority of the cases (60%) with the male further in the oral cavity near the gills.
Isopods were also found in the gills of 5 fishes (~13%), with the majority (4) being from the sample of fishes
from site 3. Other than C. exigua, the most common parasite was digeneans (flukes) found within the
stomach, pyloric caeca, and gut. A total of 40% of the samples had digeneans. Several unidentified
helminths were also seen in several fish samples’ stomachs and guts. A total of 20% of the fish had a
helminth infestation other than digenean. Two O. chrysurus individuals (representing 5% of the sample)
had both digenean and another helminth.
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Figure 4: isopod parasite found on the surface of a fish (A) (photo credits: Jeanne Solis), isopods found in
the gills of a fish (B), Cymothoa exigua attached to the mouth of fish (C) (photo credits: Cynthia
Villagran).

Figure 5 displays images of the most abundant examples of the digeneans, unidentified segmented worms
and another helminth observed under the microscope at 40x. Figure 5 A shows an example of a digenean
found in the gut. It was also found in the pyloric caeca and the stomach of different individuals. A total of
nine fishes were infected with digeneans. Figure 5 B shows a segmented worm found in the pyloric caeca of
a fish. A total of thirteen unidentified segmented worms were found in eleven fishes. Figure 5 C shows an
unidentified helminth found in the gut of a fish. A total of nine unidentified helminths were found in eight
fishes.

Figure 5: Parasitic worms found in O. chrysurus: digeneans found in the gut of fish 8 from site 1 (A),
segmented worm found in the pyloric caeca of fish 6 from site 1 (B), unidentified helminth found in the gut
of fish 1 from site 1 (C). Magnification 40x. (Photo credits: Jeanne Solis).

The parasites can be divided into two common types: isopods and helminths. The isopods were found the
surface, mouth, and gills; the helminths in the digestive system. Table 1 shows the abundance of the various
types of parasites identified, grouped by anatomical location in which they were found in the fish. Grouping
all isopods, there was a total of 38 individuals. C. exigua was the most abundant isopod with a total of 22.
C. exigua (58% of total isopods) found in the mouths of the infested fishes. The majority of the other
isopods, 12 individuals (32% of total isopods), were found in fish gills. A total of 14 individual digeneans
were identified. Digeneans are from a class of trematodes in the Platyhelminthes phylum.
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Table 1: Overview of parasites observed based on type and anatomical
location.
Organ Types of Parasites Quantity
mouth C. exigua 22
C. isopod 1
Body C. isopod 3
surface
gills Unidentified isopods 12
stomach Blue unidentified worm 8
digenea 4
helminth 6
pyloric digenea 7
caeca
gut digenea 3
unidentified segmented 7
worm
helminth 3

There was no statistical difference in parasite quantity amongst the 4 sites as shown by the one-way ANOVA
test (F=2.228, p=0.133).

There were no statistical differences in parasite quantity when sites were grouped by cardinal points. Sites
2 and 4 were grouped as West and sites 1 and 3 were grouped and labeled as East. A T-test showed no
statistical difference between the two groups (F=2.720, p=0.119).

Figure 6 shows the overall quantity of parasites found in each of the four locations. Site 3 was noted to have
the most total parasite from all four sites, followed by site 4, site 1, and then site 2.
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Figure 6: Overall quantity of parasites by site location

Discussion

Aquatic parasitic infections are pretty common within marine ecosystems, especially when there are diverse
environments where all the requirements for transmission between parasite and host are met (Tinsley,
2005). Parasite prevalence is thought to play an important role in controlling both the host population and
its evolution (Ill, 2015). Since many fish parasites rely on multiple hosts throughout their life cycle, the
diversity and prevalence of parasites can be an indicator of the general health condition of the fish
populations and the ecosystem as a whole (Ill, 2015). In a broad 2012 study of various tropical marine fish,
species diversity of parasites vs diversity of fish hosts was found to be approximately 10:1 (Justine et al.,
2012). Diversity overall is considered important; higher diversity in an ecosystem’s populations can have a
“dilution” effect on disease and infestations, including a decrease in the abundance of parasitic infestations
(Civitello, 2015). This effect is different from the prevalence of parasitic infestations in general.
Monoxenous (single host) parasites tend to be able to resist environmental changes more than
heteroxenous (multiple hosts) parasites since they are dependent on a diversity of hosts (Dzikowski, 2003).
A recent study in Puget Sound in the U.S. showed that there was a decrease in parasite abundance in fish
that could be linked to a change in climate and an increase in sea surface temperature of about 38% for
every 1°C (Wood, 2023). This suggests that monitoring parasites in local marine waters may be used as one
indicator in a monitoring system of an ecosystem’s condition.

Prevalence, abundance, and diversity of parasites compared along with associated environmental
conditions over time can be monitored and evaluated for correlation in any given site. This small study has
begun the compilation of parasitic information for O. chrysurus in SWCMR which can potentially be used
in this manner. This study found that the most abundant macroparasites in the area for O. chrysurus were
helminths and crustaceans. Some of the major groups of parasites found in fish are similar to those found
in most animals and include protists, various helminths, and crustaceans (Petty et al., 2022). The parasites
observed were broadly grouped into two categories - endoparasites and ectoparasites. The majority of
different parasites identified were endoparasitic helminths and copepods that occupied different locations
in the digestive tract. Helminths were found mainly in the stomach and intestines, while crustaceans were
mainly found in the oral cavity. Endoparasites can normally be found in nearly every internal organ within
a host fish species (Leung, 2014), but examination of tissues did not result in the discovery of any
macroparasite.
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Various species of helminths are known to infect fish. Fish like snappers are even more susceptible to
infestation because they are predators that feed on crustaceans and small fish that are often intermediate
hosts to different species of helminths (Hossen et al., 2021). A study of helminth parasites of red snapper,
Lutjanas campehanus, in the neighboring waters of Veracruz, Mexico, showed a 100% prevalence of
helminth infestation in a sample of 52 individual fish specimens (Mendoza et al., 2014). There is also a bit
of diversity in the type of helminths. A study focusing on the diversity of helminths infesting O. chrysurus
in the same area showed 19 species of helminths with 47% of these species being digeneans; two monogeans
showed the highest prevalence, with Euryhalitrema torquecirrus being 69% and Microcotyloides incisa
being 53% (Mendoza et al., 2014). An updated list of parasites found in snapper from the Caribbean, Gulf
of Mexico, and the Mexican Pacific done by Avila et al., (2022) recorded 171 helminths distributed amongst
numerous species of snapper. Of the total individual helminths, 80 were digeneans, followed by 42
nematodes, 27 monogeneans, 11 cestodes, and 11 acanthocephalans. The common digeneans found were
Stephanostomum casum, Hamacreadium mutabile, Helicometrina nimia, and Siphodera vinaledwardsii.
In this study of the SWCNR, 55% of the fish had a helminth infestation, which is a little lower than that
obtained in the Vera Cruz studies for red and yellow snappers (Mendoza et al., 2014; Montoya-Mendoza et
al., 2014) but, like the latter study, digeneans were seen to be the most common helminth. As a group,
digeneans were the second most abundant parasite found with a prevalence of 40%. Several unidentified
helminths were seen in the stomach and the gut of several fish samples with two O. chrysurus individuals
having both digenean and another helminth. For better characterization of the diversity of the helminths,
more time would need to be spent in trying to classify the various helminth found.

Digeneans are heteroxenous flatworms that usually require a mollusk as an intermediate host (Paperna,
1996). They are a very large group of endoparasites in aquatic systems and likely play a significant role in
the ecosystems in which they occur (Orelis-Ribeiro et al., 2014) There are two major types — blood flukes
and didymozoida. Blood flukes are slender and spiny, while didymozoida are threadlike and tend to occur
in body cavities or cysts (Paperna, 1996). Helminth infections within the intestinal tract can cause occlusion
of the gut or affect the structure of the intestinal epithelium through feeding (Wakelin, 1996). Infestation
by these parasites can affect the fish’s behavior, metabolism, fecundity, survival, and body condition
(Rohde, 1984). However, the presence of a parasite does not always result in measurable harm to the fish
host. A study done by Lagrue and Poulin (2015) studied the condition of several fishes with and without
parasites. The fish condition was based on a commonly accepted index - the ratio of body mass to length.
The greater the ratio, the better condition the fish was assumed to be in. The study showed no correlation
between parasite load and fish body condition when parasite mass was excluded, suggesting that the
presence of the helminth had no significant effect on the fish condition. The fish samples from SWCMR
ranged in total length size from 22 cm to 32 cm with an average of 25.7 cm. These are smaller than what is
commonly encountered for O. chrysurus, which according to FishBase 2015 updated data, is commonly 40
cm in total length, with the average size at maturity being 23.8. Further analysis would need to be done to
see what factors may be affecting the average size of these fish in the area.

The crustacean C. exigua was the most prevalent and abundant parasite found in the samples. C. exigua is
known to target snapper species primarily. The parasitic louse C. exigua was found in more than half of the
total population of O. chrysurus. Both male and female parasites were found within the fish's mouths, with
some females also found to be carrying fertilized eggs. The parasite’s life cycle starts when it first enters the
host in the juvenile stage as a male; it may then transforms into a female as time progresses (Alvarez and
Flores, 1996). In adults, the female attaches to the tongue, completely replacing it, while the male attaches
to the branchial cavity (Alvarez and Flores, 1996). This parasite substitutes the tongue completely and
allows the host to feed normally (Alvarez and Flores, 1996). Infection of the parasite C. exigua occurs in
high frequency due to the characteristics of the host species, which allows for more favorable encounters
between the host and the juvenile isopods. The characteristics include their habitat range (demersal
habitats) and whether they are schooling species. The findings of this study can be due to numerous reasons
such as fish species and the dates on which the research was conducted. According to Brusca (1978),

There are two main groups of ectoparasites for fishes; monogeneans and crustaceans. Crustaceans are a
large and diverse group, including copepods, isopods, and branchiurans (Feist and Longshaw, 2008). Many
infections involving crustaceans are limited or only localized where feeding and attachment are necessary
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(Feist and Longshaw, 2008). However, those areas can facilitate entry for damaging bacteria and fungi
(Feist and Longshaw, 2008).

The differences in parasite quantity at the various site can be due to numerous reasons such as habitat area,
population dynamics, and environmental factors. As shown in Figure 2, the fishing location ranged within
the general use zone of the SWCMR, with sites 1 and 4 closest to the conservation zone, followed by sites 3
and site 2 being the furthest. Figure 5 illustrates that site 3 was the most abundant in parasites, followed by
sites 4 and 1, with site 2 showing the least number of parasites. This could be because the fishes caught from
sites 1, 3, and 4 were so close to the protected area of the reserve. A study done by Wood et al., (2013) found
that parasitism in various organisms increased among populations in protected areas versus unprotected
areas. They concluded that fishing could reduce parasite abundance due to its decline in the availability of
host and habitat. McCallum et al., (2005) found that higher host densities in protected areas supported
higher parasitic levels when looking at the influence of parasites on marine protected areas.

Statistical significance indicates the presence of an effect, while practical significance relays information
regarding the magnitude of the effect (Frost, 2019). In other words, even though there was no proof of a
statistical difference among parasite activity within the different sites, it does not mean there was no
significance overall. Even though parasite infection rates were higher in sites 3 and 4, there were no
statistical differences between these two and the other sites nor between the East and West groups. This
can be due to the magnitude of the sample size and/or the period in which the samples were taken. A larger
sample size can more accurately show the entire group's behavior (Kalla, 2009). The period in which this
study was conducted could also play a role in the quantity of parasites found within the sites. A study by
Shearer and Ezenwa (2020) researched the effect of rainfall as a driver of seasonality in parasitism. They
concluded that rainfall can have a positive effect on parasite survival and movement within the
environment. This study was conducted during the dry season, which may have limited the quantity of
parasites found at the various sites.

When analysis of parasite quantity based on gender was done, it showed that females held the majority of
parasites compared to males. Cable and Van Oosterhout (2007) studied how sex-specific differences, such
as behavior and biology, and shoaling, affect parasite transmission in guppies. This research showed
parasite transmission may be affected by several sex-specific differences, and the rate of transmission was
determined by how long these fishes were in contact with one another. Females were seen to have the most
parasites, and since they shoaled more frequently than males, the infection rate was 4 times higher than the
ones in the males. A similar study done by Karvonen and Lindstrom (2018) looked at gender-specific
parasitism in two species of gobies. They found that females had a higher infection rate and were easily
infected, suggesting a difference in exposure or males having a higher resistance to the parasites. Overall,
parasite quantity can depend on numerous factors, many of which were not tested for in this research.

Conclusion

In summary, Ocyurus chrysurus is known to have very few parasites and was found with a relatively low
parasitic relationship compared to similar studies done by Mendoza et. al., (2014) and Ruiz and Madrid
(1992). The majority of the parasites found (Cymothoa exigua) were located within the mouth of the fishes,
followed by isopods on the gills and body surface and various worms and digeneans within the digestive
system. No differences were seen concerning parasites and site location. One limitation of this study was
the lack of advanced parasitic knowledge to identify better all parasites found. Recommendations to better
this study; compare parasite richness of the same species in different locations and during different periods
to see if there are any relations between parasites and different environmental factors. Another
recommendation is to broaden this study to other species and sites, which will allow us to be well-versed in
better management strategies and food safety for ourselves and the community.
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